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retrieval, and, more particularly, to an active storage platform for organizing,
searching, and sharing different types of data in a computerized system.
Various embodiments of the present invention are directed to the use of
extension and inheritance methods utilized by a hardware/software interface
system to manage data. BACKGROUND [0004] Individual disk capacity has
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information.

[0006] Developers and information technology (IT) departments invest significant
amounts of time and money in building their own data stores for common storage abstractions to
represent such things as people, places, times, and events. Not only does this result in duplicated
work, but it also creates islands of common data with no mechanisms for common searching or
sharing of that data. Just consider how many address books can exist today on a computer
running the Microsoft Windows operating system. Many applications, such as e-mail clients and
personal finance programs, keep individual address books, and there is little sharing among
applications of the address book datathat each such program individually maintains.
Consequently, a finance program (like Microsoft Money) does not share addresses for payees
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with the addresses maintained in an email contact folder (like the one in
Microsoft Outlook). Indeed, many users have multiple devices and logically
should synchronize their personal data amongst themselves and across a
wide variety of additional sources, including cell phones to commercial
services such as MSN and AOL; nevertheless, collaboration of shared
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[0008] However, while providing a reasonable representation of information residing in

the computer’s physical storage system, afile system is nevertheless an abstraction of that
physical storage system, and therefore utilization of the files requires a level of indirection
(interpretation) between what the user manipulates (units having context, features, and
relationships to other units) and what the operating system provides (files, folders, and
directories). Consequently, users (applications and/or end-users) have no choice but to force
units of information into afile system structure even when doing so is inefficient, inconsistent, or
otherwise undesirable. Moreover, existing file systems know little about the structure of data



-4 stored in individual files and, because of this, most of the information
remains locked up in files that may only be accessed (and comprehensible)
to the applications that wrote them. Consequently, this lack of schematic
description of information, and mechanisms for managing information, leads
to the creation of silos of data with little data sharing among the individual
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while featuring strong database characteristics and good non-file representations, were not
effective in handling file representations and could not replicate the speed, efficiency, and
simplicity of the file and folder based hierarchical structure at the hardware/software interface
system level. Other efforts, such as those that attempted to use SmallTalk (and other
derivatives), proved to be quite effective at handling file and non-file representations but lacked
database features necessary to efficiently organize and utilize the relationships that exist between
the various data files, and thus the overall efficiency of such systems was unacceptable. Y et
other attempts to use BeOS (and other such operating systems research) proved to be inadequate

at handling non-file representations—the same core shortcoming of traditional file systems—



at handling non-file representations the same core shortcoming of traditional
file systems -5 despite being able to adequately represent files while
providing some necessary database features. [0010] Database technology is
another area of the art in which similar challenges exits. For example, while
the relational database model has been a great commercial success, in truth
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because the basic relational model requires a level of indirection between the application and the
storage system--where the semantic structure of the data might only be visible in the application
in certain instances. While some database vendors are building higher-level functionality into
their products--such as providing object relational capabilities, new organizational models, and
the like--none have yet to provide the kind of comprehensive solution needed, where atruly
comprehensive solution is one which provides both useful data model abstractions (such as
“Items,” “Extensions,” “Relationships,” and so on) for useful domain abstractions (such as
“Persons,” “Locations,” “Events,” etc.).



"Persons," "Locations," "Events," etc.). -6 [0011] In view of the foregoing
deficiencies in existing data storage and database technologies, there is a
need for a new storage platform that provides an improved ability to

organize, search, and share all types of data in a computer system--a storage
platform that extends and broadens the data platform beyond existing file
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[0014] The storage platform of the present invention comprises a data store

hefe'ﬂrﬂb%rfﬂéﬁl@ﬂl ovPRlieaR badbissymEanhis aatant@ede@lﬁgméoumpﬁ@ébawsnve
descnﬁf@ﬁ%‘ﬁ%l A aRasRBRAM PRI iFRIaHEIR or RN GemR (hE SERLAP

implements a data model that supports organization, searching, sharing,
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schemas t0 define new types of data (essentially subtypes of the basic types
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hat allow mteroperablllty of the data store with éxisting file
present invention extends and broadens the concept of data storage beyond existing file systems
and database systems, and is designed to be the store for all types of dataincluding structured,
non-structured, or semi-structured data.

[0014] The storage platform of the present invention comprises a data store
implemented on a database engine. The database engine comprises arelational database engine
with object relational extensions. The data store implements a data model that supports
organization, searching, sharing, synchronization, and security of data. Specific types of data are
described in schemas, and the platform provides a mechanism to extend the set of schemas to
define new types of data (essentially subtypes of the basic types provides by the schemas). A
synchronization capability facilitates the sharing of data among users or systems. File-system-
like capabilities are provided that allow interoperability of the data store with existing file
systems but without the limitation of such traditional file systems. A change tracking
mechanism provides the ability track changes to the data store. The storage platform further
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systems but without the limitation of such traditional file systems. A change

tracking mechanism provides the ability track changes to the data store. The

storage platform further -7 comprises a set of application program interfaces

that enable applications to access all of the foregoing capabilities of the

storage platform and to access the data described in the schemas. [0015]
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ability to enumerate the current set of Items or the ability to retrieve an Item given its identifier

(which is more fully described in the sections that describe the application programming
interface, or API) of the storage platform -- for example, an Item might be the current location of
acell phone or the temperature reading on atemperature sensor. The hardware/software
interface system may manipulate a plurality of Items, and may further comprise Items
interconnected by a plurality of Relationships managed by the hardware/software interface
system.

[0018] A hardware/software interface system for the computer system further
comprises a core schema to define a set of core Items which said hardware/software interface
system understands and can directly process in a predetermined and predictable way. To



comprises a core schema to define a set of core Items which said
hardware/software interface system understands and can directly process in
a predetermined and predictable way. To -8 manipulate a plurality of Items,
the computer system interconnects said Items with a plurality of
Relationships and manages said Relationships at the hardware/software

. interface system level. [0019] The API of the storage platform provides data .
e AP TS CETE o S TS Taf TR A Bty of
Rel atistwatags gpic ticanagis vaid &el bhi arlthitisrat the hapviesdisoftpragrimenfiog spstfateyel .

pravides a set gf framework classes that define a common set of behaviors
e A R e RS R R I e R B
extendiasj @anpnapriomstimodefottel ifo thb ecstofrageapBplatior ARChEhas td regiiliplatiaim

. APl provides a. simplified query model that enables application programmers
el R A e ok o S L B G e e R o st
of belavitasher tthedates diates tnel dmm)itagetimepragnahedaia tfesect) proetddshef ibec

uery lan e qf the underlying dajahase engine. The stor platform. API
proor e B SR AT AT B S PR B DR 4
simplidrephgusey mhedd tindb etheblasrappli cat ctat @sagramneset iy thoend atapeesdaseging yarious

ny kind of storage engine) on which_the data.store is jmplemented. This
prope e SR e R A Bl R e
from tha diet Belsvon ghhqueoyahgidgendioidia s tded yipgl detabaseispghid.. [DGREbdgepigtform

' t f tion h ized data, the e _platfor
AP R B S R R R ol 88 e
into tlencnenbupddesretpage othe dotabdserswgimédes altyofiarkad siohagaengine) on which

e R YA SRS B R SIS A6
in meenisytivg file |sqeteythechopleltie bdaessarethdaes [oabe PRithin view of this

oG LS S s R sl et i
platfotheafi$beqirEsaatrisicensiom er_am mnmieﬁmieylbap@hraﬁnd dﬂtgmmelylpm,mwmers,
o LIRS B oA R e A oppring
interfape thie dabesbyipiiey.avakiebl it napaliities Uarerage indfe Net wedeb iutraiso

ARe f Sﬁ@ﬁ(i %Qg%%ﬁf iRt he invention and
embr%%omp%%%ﬁ’%%ﬁg\l” gsn'gB é@s SAIRAWINGS

[0021] Within view of this overarching structure of interrelated inventions (described in
detail in Section 11 of the Detailed Description), the present invention is specifically directed to

the use of Extensions to extend functionality of Item and Property types, as well as to the use of
Inheritance to facilitate efficient searching and organization among related Items (described in
detail in Section 111 of the Detailed Description). Other features and advantages of the invention
may become apparent from the following detailed description of the invention and

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The foregoing summary, aswell as the following detailed description of the
invention, is better understood when read in conjunction with the appended drawings. For the
purpose of illustrating the invention, there is shown in the drawings exemplary embodiments of

-9-



[0022] The foregoing summary, as well as the following detailed description
of the invention, is better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the invention, there is
shown in the drawings exemplary embodiments of -9 various aspects of the
invention however, the invention is not limited to the specific methods and

e B R R AR o

and wma;n@tmumdmmoowhﬁga?mga block diagram |IIustrat|ng a computer

lnto e .componen s: the har Ware cam t, the
o o e R R IR P S T aprsof the
presemrmgmlmmnaynwmbrmaﬁhﬁg 2A illustrates the traditional tree- based
hi ic Ist ctur jles in folders in a directory.in flle b
ol B e o e B e T R SR et
compq:ﬂnrfbgmu[ﬁmﬂ%] }Fagjmmmea&ue thiincrdvadne bafioverie: mtﬁetmeesysllmneomponent,

and t aﬁ%rnspr and Cate ies 0028] Fig. 5A is a block diagram illustrating
k}%gogtru Rarerord gﬂ%ﬂ@? Fig. 5B is a block diagram illustrating the

C([)ﬁﬁﬁﬁx JrapAyi tmwsate‘a the titaofiti ohal-tgeesBasid 6] dFohi GGCstsuatbledhr files

ram,illustrati e "Locat Ite reln its complex types are further

group s%':rﬁ(énjgrfexpﬂléﬁ%c Forl%da a[%!)%%?ﬁé%gﬂ I'ugtsg%s dn Item as a subtype of
tHO0RE6h fmﬁummummmma[eﬂag]a@gr@ piafbtm;k diagram

Ilttaéia’tjy |ISl%d Xg é o%f 5 J.fgnJFneéY aggﬁéﬁ %ﬁﬁf{%@ﬁgl%ers, nd

Categbhmg diagram |Ilustrat|ng the Base Schema |nclud|ng |ts two top- level class

te pes
rlvefj trrFe A 'Sﬁ%é%ﬁ ?@ ?ﬁig%%%ﬂ% mg‘%gﬁ?%%ra%m?eﬁéms in the
Cb)@ZS]ch@QaSE@M]JIa@( eidgram sk gtiag rédhe dioytieti nuppest y types tf thedtem of
in.the Core Schema; [0036] Fig. 9 is a block diagram illustrating an ltem

older, its member Items, and the
[0030] Fig. 5C isablock diagram illustrating the “Location” Item wherein its complex

Fig. 5

types are further described (explicitly listed);

[0031] Fig. 6A illustrates an Item as a subtype of the Item found in the Base Schema;

[0032] Fig. 6B isablock diagram illustrating the subtype Item of Fig. 6A wherein its
inherited types are explicitly listed (in addition to its immediate properties);

[0033] Fig. 7 isablock diagram illustrating the Base Schema including its two top-
level class types, Item and PropertyBase, and the additional Base Schema types derived
therefrom;

[0034] Fig. 8A isablock diagram illustrating Items in the Core Schema;

[0035] Fig. 8B isablock diagram illustrating the property types in the Core Schema;

[0036] Fig. 9isablock diagramillustrating an Item Folder, its member Items, and the
interconnecting Relationships between the Item Folder and its member Items;

[0037] Fig. 10 isablock diagram illustrating a Category (which, again, isan ltem
itself), its member Items, and the interconnecting Relationships between the Category and its

member ltems;
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interconnecting Relationships between the Item Folder and its member Items;
[0037] Fig. 10 is a block diagram illustrating a Category (which, again, is an
Item itself), its member Items, and the interconnecting Relationships
between the Category and its member Items; 10 [0038] Fig. 11 is a diagram
illustrating a reference type hierarchy of the data model of the storage

CEEHL B s ARGy Al ey WhETRe sy B crtamonel of
the stdédyel]l Bilpridy is a diagram illustrating an example in which two transactions
d h
|II@@£sla~¥%§%ﬁq§é\%&e %Fr]?ttgrf’tg gﬁmefagﬂgﬁb?a[oo (ﬁf]ﬁtra s an

exemp]arf@reetma tlmgreiﬁﬂ%]sﬁagl nfj aslotsaanrerachzie smyhich an
er o a director s f|Ie stem | mov d | 0 the stor.
E@ dat% stor% Riaﬂéﬁitfﬁ f?'é}/ concep I}TVYZ? ﬁ?ﬁf ne are both

insertllﬁgldemv i@0d¥] iRtg. th@Mﬂ@%e basic archltecture of the storage

p 2 he atica resents the various
ﬁé%gﬁent ﬁ?o J{)??a%sep gﬁn Ildléﬂ:f(:eTP RfBﬁ ig. 21A is a pictorial
re[ﬂm@ntﬂ@mﬁﬁlansemmmye@pmqpmr&etmwmma [0049] Fig. 21B is a

AR RIS RL AL S T AR SR o 1

systemtisrawepiartmrtheﬁsrdra@%at]‘tﬁ@ c%lﬂ;tmtr,ates the executlon of a "FindAll"

kg t storage platform
A’Eqﬁ#agses%a?eg 'glglenera# (ﬁ ?ré?h q@ogaggﬁ) r%h ema [0053] Fig. 25
il[C3dles Ié@dfbﬂta&rﬂ%hﬁtmﬁdmdﬁ?ﬂ&ﬂdm&édh{(%@ﬁ igat6rim ABiagram

AT AR e

API stack;

[0048] Fig. 21A isapictorial representation of an exemplary Contacts Item schema;

[0049] Fig. 21B isapictorial representation of the Elements for the exemplary Contacts
Item schema of Fig. 21A,;

[0050] Fig. 22 illustrates the runtime framework of the storage platform API;

[0051] Fig. 23 illustrates the execution of a“FindAll” operation;

[0052] Fig. 24 illustrates the process by which storage platform API classes are
generated from the storage platform Schema,

[0053] Fig. 25 illustrates a schemaon which aFile API is based,

[0054] Fig. 26 isadiagram illustrating an access mask format used for data security
purposes,

[0055] Fig. 27 (parts a b, and c) depicts a new identically protected security region
being carved out of an existing security region;

[0056] Fig. 28 isadiagram illustrating the concept of an Item search view;

[0057] Fig. 29 isadiagram illustrating an exemplary Item hierarchy;

[0058] Fig. 30A illustrates an interface Interfacel as a conduit through which first and
second code segments communicate;
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being carved out of an existing security region; [0056] Fig. 28 is a diagram
illustrating the concept of an Item search view; [0057] Fig. 29 is a diagram
illustrating an exemplary Item hierarchy; [0058] Fig. 30A illustrates an
interface Interfacel as a conduit through which first and second code
segments communicate; -11 [0059] Fig. 30B illustrates an interface as
Cc [sing.interface objects 11 and 12 which enable first and second co :
R RS RTA ae  TABN ORB I L 12 which
enabl ! sty abelssbepmd lve de setjoremsafidagistsnirtteciaromiiniedacsh mmagli ben M ;
suhdiyided to vert the cammunications of the interface into multiple
R A R R R o e e T R ey e
subdivided tvectunvetionhgocomdeaohilogt iotar thehel ht entaged nisuindivipled itedared liplerfacel A,
Interfinte{@cle? 1a eli% I1c; [0062] Fig. 32A illustrates a scenario where a
iF*(rﬁi%anl’ng €Ss pararmeter precision can be ignored or replaced with an
afoncily peigueseil] je0aes Ry 32Ef ilhasivatpsoal ded byiiatevfaesd Amaytedace
<ub di\ills dre%lﬁcer%utiﬁ ﬁesfﬁgés’r?tug% I'Ll%tgg%c E:hat is defined to ignore or add
parametersto'an INterrace; "Fig! 33A illustrates a scenario where a 1st
apadBap dade33agheia ey a soangeo whenecanmeenilegbesstpanangeterepnebistbn can be
i norégmri? 'f%eggvl?ti"grsltérﬁ?rsara s%errnagto where part or all of an interface may be
IO R’ (Airie TNto Another M taTace fo'form a merged interface. [0066] Fig.
3{@06R]stretes326wW st aiesamesqas oas el erad dtevtace insiphn ammavayr ta substitute

: co icati N the first interf éﬁ %P form.them to one or more

mterf%%@?én%iﬁ%ﬁggé%;@ﬁﬁéﬂ é?g&e@’% [ ustsrcg@egsnrllrcl){ﬁﬁ a%%edde segment can be
inteo84dL e drigitB3ni | hisirfaes acteativemine eca datnant GiioBededsagomets are merged

: int : ' nctionality to second and third interfaces; [0068]

oo SSEERAIAANIEN

ow a Just-in-time compiler (JIT) might convert
cBBh]nidatioAsSBristyates adecsaimeherte Eanbtnel| c din segrfametnigpbolvritten

. Fi [ LT me, ; Hﬂ‘; ically rewriting one or more
mlmeih@r%ﬁc‘%@%ﬁé@%ﬁﬂ%ﬁé E@%gmlca %%or or otherwise alter said

inf@PRaje; Fig. 34A illustrates how one or more pieces of middleware might convert

communications on the first interface to conform them to one or more different interfaces;

[0067] Fig. 34B illustrates how a code segment can be introduced with an interface to
receive the communications from one interface but transmit the functionality to second and third
interfaces;

[0068] Fig. 35A illustrates how ajust-in-time compiler (JIT) might convert
communications from one code segment to another code segment;

[0069] Fig. 35B illustrates aJI'T method of dynamically rewriting one or more
interfaces may be applied to dynamically factor or otherwise alter said interface;

[0070] Fig. 36 illustrates a series of interrelated Items and a subset of their
Relationships;

[0071] Fig. 37A illustratesthe shortcoming of standard subtyping of an Item for
application specific purposes,

[0072] Fig. 37B illustrates a partial solution to the problems of standard subtyping; and
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[0070] Fig. 36 illustrates a series of interrelated Items and a subset of their
Relationships; [0071] Fig. 37A illustrates the shortcoming of standard
subtyping of an Item for application specific purposes; [0072] Fig. 37B
illustrates a partial solution to the problems of standard subtyping; and - 12
[0073] Fig. 37C illustrates one embodiment of the present invention to extend
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V. CONCLUSION
...................................................................................................... -109--181.
INTRODUCTION [0074] The subject matter of the present invention is
described with specificity to meet statutory requirements. However, the
description itself is not intended to limit the scope of this patent. Rather, the

inventors have conte Iaﬂed il_‘{%épe claimed subject matter might also be 79
embodied in otfiér way© 10 HAHE dNerent steps or combinations of steps -~ 72
similar to the ones deggiribeqqip i3 fpgumant, In conjunction with other ___go.
present or future technologies. Moreover, although the term "step” may be
used herein to connote differpyt elepigsiicpigrIsiRadespRiyed, theterm  _gg.
should not be interpreted as implying any particular order among or between
various steps herein disclosgig) unlessriidi axpagid/dofliths order of -80-
individual steps is explicitly described. A. EXEMPLARY COMPUTING
ENVIRONMENT [00782)Num@&oniisce Privoesaranis. of the.present.invention........ -81-
may execute on a computer. Fig. 1 and the following discussion is intended
to provide a brief general ded@iptioAdioanatinAief| s wesatii®@environment in - 81 -
which the invention may be imilemented_. Although not required, various
aspects of the invention may(Bt de<cPé§tih e @&neral context of computer - 82~
executable instructions, suz\% S pragr 1odules, being executed by a
computer, such as a client kstaﬁ%ﬁa}ﬂ:‘:&] gg?@é@&@ﬁe%ﬁi“ﬂ?@gram -82-
modules include routines, progyam ' gﬂgﬂ
and the like that perform part g&lar %gé%%é%ﬁ%%% i%ga%‘gular %ﬁ%@ﬁa& _82-
data types. Moreover, the invention may be practiced with other computer
system s0onfigusahaRs NGRS ARIbERYIGR Bt dbiREOCeSSor - 83-
systems, microprocessor based or programmable consumer electronics,
network PCs, nainicongyuieSermedsirame. computers and..the like. The......... -84-
invention may also be practiced in distributed computing environments where
tasks are performed §)rem@kapgedessing awrices. that.are. linked through.a.. - 84 -
communications network. In a distributed computing environment, program
modules may be locatédl in betrngeahBpicatéPRote- memory.storage-devices:..- - 85 -
[0076] As shown in Fir?gbl, an exemplary general purpose computing system
includes a conventior® per<e?ill CORBALEOD or-the fike; including @:- - "o
processing unit 21, ai%item meTﬂpr 22, and a system bus 23 that couples 86
various system®Bomp aRier imn ﬁé%%ste‘m'memb'ry ................................. - 86-
3. SECUNTY .ttt ettt nbe e enre e - 86 -
4. MaNagEaDIITY .......coeieiiiie e - 87-
J. TRADITIONAL FILE SYSTEM INTEROPERABILITY .cooeeiiiiiiiiieeeees -87-
K. STORAGE PLATFORM AP ...ttt - 88-
EXTENSIONS AND INHERITANCE ... e -95-
A. TYPE SYSTEM ..ottt e e e e e e s e e e e e e e e anns -95-
B. TYPE FAMILIES. ...ttt - 100 -
1 Nested Element TYPES.....coociereiiereriie e -101-
2. [EEBM TYPES ... e - 101 -
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to the processing unit 21. The system bus 23 may be any of several types of
bus structures -19 including a memory bus or memory controller, a peripheral
bus, and a local bus using any of a variety of bus architectures. The system
memory includes read only memory (ROM) 24 and random access memory
(RAM) 25. A basic input/output system 26 (BIOS), containing the basic
routines I:g)hat h It%.transfeﬁinformation between elements within the
personaPtompiersg SHRWYR Huring start up; s stored i ROM 24: The
personal compléser ZOF@ I&lk
from and writing’to a hard disk, not shown, a magnetic disk drive 28 for

reading from orgriting(9 - 6RERTY RoNRIBAG LRI dists 29, .and an optical disk _ 105 .

drive 30 for reading from or writing to a removable optical disk 31 such as a

- 101 -

28, and optical disk drive 30 are connected to the system bus 23 by a hard
di€k drivEnNtiANMCERZEANGAgOELAISK drive.interface.33,.and .an..optical...... - 107 -
drive interface 34, respectively. The drives and their associated computer

readablelmedid NpEENANSEon-volatile-storage -of computer-readable. .« - 107 -
instructions, data structures, program modules and other data for the
personaPeompREEIBOMthough the  exemplary-environment: described- - 108 -

h @Nl%%éﬂa hard disk, a removable magnetic disk 29 and a removable 109
Ogtr alti , It"should be appreciated by those skilted in the art that other i i

types of computer readable media which can store data that is accessible by
a computer, such as magnetic cassettes, flash memory cards, digital video
disks, Bernoulli cartridges, random access memories (RAMS), read only
memories (ROMSs) and the like may also be used in the exemplary operating
environment. Likewise, the exemplary environment may also include many
types of monitoring devices such as heat sensors and security or fire alarm
systems, and other sources of information. [0077] A number of program
modules may be stored on the hard disk, magnetic disk 29, optical disk 31,
ROM 24 or RAM 25, including an operating system 35, one or more
application programs 36, other program modules 37 and program data 38. A
user may enter commands and information into the personal computer 20
through input devices such as a keyboard 40 and pointing device 42. Other
input devices (not shown) may include a microphone, joystick, game pad,
satellite disk, scanner or the like. These and other input devices are often
connected to the processing unit 21 through a serial port interface 46 that is
coupled to the system bus, but may be connected by other interfaces, such
as a parallel port, game port or
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universal serial bus (USB). A monitor 47 or other type of display device is
also connected to the system bus 23 via an interface, such as a video
adapter 48. In addition to the monitor 47, -20 personal computers typically
include other peripheral output devices (not shown), such as speakers and
printers. The exemplary system of Fig. 1 also includes a host adapter 55,

S r System Interface (SCSI) bus 56, and an external storage
. dMﬁm‘Bﬁj to the SCSI bus 56. [0078] The personal computer 20
m@b?ﬁer@\*ﬁe' &@B&IWBH@%FM W&@ﬁﬂ%}émw‘?&kf%%‘%m%@f ity 8 meet
re remote computers, such as a remote computer 49. The remote
statuteyrresuisenontsay-low evestiibe geserdpizoeinetiusnoti standad torbmietha scope of this

gy ) ey
petert R e R o O e S S R S el e
embodiechinLather Ovayish tgiel el dif iereni stensior aganbivaidier s @ha spisesomi | st theenes
0 Fin.1. The lagical . o i Eig 1 _
ool R U I L AR SR AR wareoe
althouginiine teners ereroayrva capidusein iofossoierifprast demedsmbonghods employed,

ANt | / j [
e o aLiey A et et B R aflous
steps berrifvher Asesttanless pad gytepBEhen Hemaigdedahi adiviaNel irtepra@rglicitly
describgyironment, the personal computer 20 typically includes a modem 54 or

other means for establishing communications over the wide area network 52,
such as the Internet. The modem 54, which may be internal or external, is

connectd.ieye RO B B3 MR ERRFR AR pfgrface 46. In a

networked environment, program modules depicted relative to the personal

cooursier RineF Qe bampaNeERes onde Eﬁéé"éﬁr RE/EMRA FRR) RIERRIYPIY computer.

storage device. It will be appreciated that the network connections shown

Fig. 140 {0 ARG SHSIOMSARLEBRRLIQMIONIAG APUsheeRRRR AsH&niinn of asuitable

compfiry AV iHeh&STNIRUARTISHIBY PO arsiRm. MR8 il BHsirtdadARKBadH @ek required,
diagram of Fig. 2, a computer system 200 can be roughlé divided into three

varousaRRshR A GFOUINETHRR FRRY RRASSCHRGSHINGRE 859 < OR TR ecutable
instrubtiGitasachyEi progiampaeees Ok iR ekteatad BicaionpRE Jsa IS ATIRSRENt

206 (also referred to as the "user component" or "software component” in

workLpl) QB EEwEs RERETAY Yidtagiam Dl ESEnehiok FOLHRES QA Ehiects,
compayatesdaRistarelreseimtnthea Rk that-[Sbrform particular tasks or implement particular

abstract data types. Moreover, the invention may be practiced with other computer system
configurations, including hand held devices, multi processor systems, microprocessor based or
programmable consumer electronics, network PCs, minicomputers, mainframe computers and
the like. The invention may also be practiced in distributed computing environments where tasks
are performed by remote processing devices that are linked through a communications network.
In adistributed computing environment, program modules may be located in both local and
remote memory storage devices.

[0076] Asshownin Fig. 1, an exemplary general purpose computing system includes a
conventional personal computer 20 or the like, including a processing unit 21, a system memory
22, and a system bus 23 that couples various system components including the system memory

to the processing unit 21. The system bus 23 may be any of several types of bus structures
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the hardware component 202 may comprise the central processing unit
(CPU) 21, the memory (both ROM 24 and RAM 25), the basic input/output
system (BIOS) 26, and various input/output (I/O) devices such as a keyboard
40, a mouse 42, a monitor 47, and/or a printer (not shown), -21 among other
things. The hardware component 202 comprises the basic physical

. infrastructure  for the computer,system 200. [0082] The licatjons .
Inclu g T B S T L AL (L L SRl P PR of &
varietof bos knchidctaresMpibesisst datalense pystRites veaddplp oesaorg (RONNE24 and
rograms, video ng so forth. Application pro vide the .
rendo] B e R 2 L B o R S L B At e b
routines b helpetodrpnsfze s afdatetianseteesnusensertmadthiimtheqibaoca ropuiiter 20,
systems, and/or.end-users e hardware/software.interface syste
such SRS SHorefiThat 2 TS B BN S AT ek e o
hard dik aini \ep2Tibn gesgatg ivahedntbelf i toqir s ear drdisio stotcstsmen,cashadihatid disk drive
kerngl. An "operating system” (0OS) is.a special program,that acts.as an, .
28 for g o B el R U AR A & v 30 for
readirgardweoelsofingte anterbaabl s yaittcal ciosk 3dreech 2684 QYR80 coatipersepacal
. virtua] machipe manager (VMM)... ommgn_Language Runtime {CLR) or its
mesiq e A A B i R R B S T A biaen o
the syagoivale 38 by atherd sishdsofevaie feoaRid mantg netihaliskade vaf iotariapdd@8oand an

: he. ' i » f :
opticg R N TR LS S BRI e eyl mecia
providsmrcmlmidet(stme?gppﬁmiﬂp:lma@mhijeTriqumns;fdag(sbaJrchasemomﬂmmodules

r
and ol e B B it S S R TR R P st
herei mwmmwamm«mg@magnamd@@mammmmma@ 31, it
shoul YRR Y A e T B (ISP e et
whichreanisiare (sbétiar ¢S ateesste shyg @ noputaus stings Pagvieks cdsseites faaemory

corcs RIS Ko R R PR A QA0 BRI TRENISE Pl ongy
memases(ROM:s)zand thadjikageayraog fapied i 0 éee xrerialory (GIONi[@OSB]ionment.
LikenfAH@ érﬂggﬁ{%d{)ﬁﬁﬂ?&f %?éSﬁ‘H&ﬁ'%&a?}%@fg@{)éﬁ%ﬂ%&ﬁ%ﬁg devices stch

services for cations. In a multitasking ware inter
as heagyrensarsvindreeentilypds fire alarm systems, and other sources of information.

[0077] A number of program modules may be stored on the hard disk, magnetic disk
29, optical disk 31, ROM 24 or RAM 25, including an operating system 35, one or more
application programs 36, other program modules 37 and program data 38. A user may enter
commands and information into the personal computer 20 through input devices such asa
keyboard 40 and pointing device 42. Other input devices (not shown) may include a microphone,
joystick, game pad, satellite disk, scanner or the like. These and other input devices are often
connected to the processing unit 21 through a serial port interface 46 that is coupled to the
system bus, but may be connected by other interfaces, such as a parallel port, game port or
universal serial bus (USB). A monitor 47 or other type of display device is also connected to the
system bus 23 via an interface, such as a video adapter 48. In addition to the monitor 47,
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programs may be running at the same time, the hardware/software interface
system determines which applications should run in what order and how
much time should be allowed for each application before switching to
another application for a turn. The hardware/software interface system also
manages the sharing of internal memory among multiple applications, and

ndles 22 ndo ut to and fr ttached hardware devices such as
Per SO ARSI R QBRI A SP3BTl AP e 8
speakamedmlsmsemde mesm@gmembf &yl calsonrelodesa Immm%tcsrhdl
e r in us of o eration rs th
oMy S A AT e bR T L & LA L A0 SR i et o the
SCSI marsyement of batch jobs (e.g., printing) so that the initiating application is
frg@g é;? g%r(] 8?nd cargrei (rarr]%( %gher rboncg%ﬁ{ V\% g%éoroo eér%éég asi%)gn
logi calrrterframm epstemnelso mMapagestdiviinpytarpragriass a0 dmat e compuber d@réhe remote
compt Ne Pracessor ata tlma?CéOOSUQgA hardware/software mte (%af_:,e Sé(Ste%r Hevice
P theII S yrg?erredl?o ereinas a heﬂa’) IS’an |nL{teragtlve end-usef P

or othmfteofanmtrmthmﬁvmaob’wﬁmwe:mm rfmimdeystany ¢Aatine it he elypraksd dodescribed

referred,to.as a CO mandl r or in_ an operatin stem as a
ebove fEfadIVe (OHE Sercorel Chrbytes I athotidn B S HiemOr aiede Ualietho has been
illustrateerfa¢egsist€he tbgjtcd dO’leRl;tl mm‘ﬁsdbeel bylﬁgphcadudqamdgcainwamﬂmmrk

(AN e AR RO T 2 S TR R U Efimorpoe

in officesnpotegprise [@E&?Qdmpuennstmvlmontrdrtbmand tierotersehbodiments of the

Pioo70 'n\\/ﬁr%honsgﬁefn %%K%'ﬁé%éﬁ‘(’j ?ﬂé%c 4 %ﬁ%&%iy(%ﬁmer 20is

document IS Inten e inv such
conneeted taithednég\ Gh m@la@haaeywawuswmmtmﬁis "YdnepussdsnsidhAN

ren R e kSTt ot
meang titestablésbieadomumesaitaniover thevdele q@amwmmsb & thadnbernet. The
o S B A A R BB B i
port inteitaze fiedn areetwnxé<ed styiabieifopregiamtinatiuiesplapitieieretagive to the personal
Comp@é%fgéﬁ 2‘?1% fort %ﬁ%{a@g ern% %ﬁvé\;ﬁe{% ?)%T\?{/ﬂ;re mter&%egs tems At will be
appre@\mﬁsdjthms‘,m nstyousgviegtions shown are exemplary and other means of establishing a
communications link between the computers may be used.

[0080] Asillustrated inthe block diagram of Fig. 2, a computer system 200 can be
roughly divided into three component groups:. the hardware component 202, the
hardware/software interface system component 204, and the applications programs component
206 (also referred to asthe “user component” or “software component” in certain contexts
herein).

[0081] Invarious embodiments of acomputer system 200, and referring back to Fig. 1,
the hardware component 202 may comprise the central processing unit (CPU) 21, the memory
(both ROM 24 and RAM 25), the basic input/output system (BIOS) 26, and various input/output
(1/0) devices such as a keyboard 40, a mouse 42, a monitor 47, and/or a printer (not shown),
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OS, virtual machine systems, and so forth), files are the basic discrete

(storable and retrievable) units of information (e.g., data, programs, and so

forth) that can be manipulated by the hardware/software interface system.

Groups of files are generally organized in "folders.” In Microsoft Windows,

the Macintosh OS, and other hardware/software interface systems, a folder
collec iles that can be eved, moved, and o

P ion of f . d herwi
among A IS b S B WA A o PSR TR PO girastructure
for th@qgm[jzml i;ysaetrembasgd hiergrchical arrangement called a "directory”
A S A P B o
includsyg e sipthisriieecht® Sdimpaiiansy Haratiase 'Sydttens, averid nadessy s Ahis nessipraghams,
. Appl 0., the Apple Il dthet 3 log" instead
oo G TSR AR B e
resoursys any midizedituisol ter phabigea bbeositk sotutides ded tor doessetatadhroeaadus users

other (—{:ngivalent terms. for and /eferencest hierarchical information storage
OtNer co 5[

(m&hé?reﬁ‘ctures an’HF{%‘Sfrs\‘SﬁS@P’aan” fﬂreeggFHS%rrS\ ints. [0089] Traditionally, a
dire@asty (aHe haaidimetsoftne édlutertces sydera-taspondrie vt bivapis sasdiand, in
ers and folder,.in t e]arran (Ia

some SAIBCEINATS AR U0 A NS, O &1 B S B AR AERRGRG. in mos

according to'refative n
cases, exshelb lancha lkbusttatdd “iopeigti AsysiO'S(O&3 ad Silgayistqarobre ttlact §as an

. ) di N 2 i | [ f 2 f whi

UG5 S AT PR AP R A e

interfdotdy @h@&oanmbeent 1204 they el soaypaisuseanptisa addhioaahdobder{\2VBVEG a
infinitum. : f fi 20 alth -

com B, SRR SR B e LBRr e s AR v

or its hunot orethényi aleomen athesthdehthaitvrhesclonptoents théheeebeerbochy abidtion to

o . p ing fles. into f . N
the o e oA Craa MOyl S e ety
systerthiede fitogide.gn envicodivkes; frophictiskiseObrRRdgesapp) i jal@Dpiagaaiitiohhe goal
: : g N
of eny B T TR, R TR Bl o) SIS A B (i, oo
well ageletice the chepia e handisnétiname efficreatengpsasm, that folder's subfolders

R B e ) T O oot

systergeh aiaitlypaand dactsaibenyrenagies ab rad b ajplicagiondiegeamsie tetetpuigr system.
The application programs interact with the hardware/software interface system by requesting
services via an application program interface (API). Some application programs enable end-
usersto interact with the hardware/software interface system via a user interface such as a
command language or agraphical user interface (GUI).

[0085] A hardware/software interface system traditionally performs a variety of
services for applications. In a multitasking hardware/software interface system where multiple
programs may be running at the same time, the hardware/software interface system determines
which applications should run in what order and how much time should be allowed for each
application before switching to another application for aturn. The hardware/software interface
system also manages the sharing of internal memory among multiple applications, and handles
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the copy located in a different folder, a copy of a file is itself a distinct and
separate unit that has no direct connection to the original (e.g., changes to
the original file are not mirrored in the copy file at the hardware/software
interface system level). In this regard, files and folders are therefore
characteristically ‘physical” in nature because folders are the treated like

. sical talne iles are treated as discrete and se arate
input B BB A L B A Lo SRy Bsaers and dial-up
ports. mm%mtmgg&mm nkb@géﬁ&ﬂ%ﬁ@pﬂkﬁ%n (and, in
0091] pre ent inventian, i b|n ion with ther lated inve
certaif (ot 0 e P e e S B P S Y SRS Ry heve
occursidr age pextiavsrefssftwaemiaiadaceesssinm garaaldosbiiload thadanahagestert@é batch
. latform .of he resent. mventlone dsa br den the data platform
jobs (B o) S e e e e e B O e R LG Gyme other
proceaimg/andind oemlas@sed]odwﬂmesmrmfoamﬂrmpde jodr eldveh prochsdingy a new
for datac d ltems. C GLOSSAR 0092] As used he nd in the
rerc g e S A g e e B TR Rl hre then
one plmicetamlateammematlon accessible to a hardware/software interface system

t}l%toéiﬂ“k%\% %jsceﬂls an ob ct havw(ljlq1 (S:”sne of errcgggrtl sﬁ;g%ta%rg
comm YA

nly suppor RCr0Ss Al object expose -user e
“ shel Ihpisiavairg s attiverentiiesdatdesfate to MW@MMMVM@BMWA shell

may 4 e R e B R R SO M S et
systerd msgewmgteatmwmmefamHMdmmmg isyatane YRWJridhat is directly
ccesJBRHH BANARINAERES B URITISdE Y REMEN SRUER OR JFRoTed

g System “comprises, In most cases, a
har dwshe/idtvdeeck sterédcersy Hard\s anets oioatd sy én tbefanbessc rirett) y afitidie ardware
comp(§ éﬂ&lnatlon of hardware and software, that serves as the interface between
he underlying
[0087] Whileit isenvisioned that numerous embodiments of the present invention are

particularly well-suited for computerized systems, nothing in this document is intended to limit
the invention to such embodiments. On the contrary, as used herein the term “computer system”
Isintended to encompass any and all devices capable of storing and processing information
and/or capable of using the stored information to control the behavior or execution of the device
itself, regardless of whether such devices are electronic, mechanical, logical, or virtua in nature.

B. TRADITIONAL FILE-BASED STORAGE

[0088] Inmost computer systems today, “files’ are units of storable information that
may include the hardware/software interface system as well as application programs, data sets,
and so forth. In all modern hardware/software interface systems (Windows, Unix, Linux, Mac
OS, virtual machine systems, and so forth), files are the basic discrete (storable and retrievable)
units of information (e.g., data, programs, and so forth) that can be manipulated by the
hardware/software interface system. Groups of files are generally organized in “folders.” In
Microsoft Windows, the Macintosh OS, and other hardware/software interface systems, a folder
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hardware components of a computer system and applications that execute
on the computer system. A hardware/software interface system typically
comprises (and, in some embodiments, may solely consist of) an operating
system. A -25 hardware/software interface system may also comprise a
virtual machine manager (VMM), a Common Language Runtime (CLR) or its

. function uiyalent, a Java Virtual Magchin VM) or its functional . .

isacqfianat R PR R T EYETh MY A e eI s aimplg it o

inforrhatibe. Oplessdifuddeystamumaace orgetezec s tetrecllieadolizpaeiita arrangement called
. .. hardware/software interfac stem s to provide an_environment in which a

A LTt eI TG Ot L ) AR

interfapéesyaieensy steas DO 8) 0 Frand ono st syt auenskeniesystome siheaermel|

. s ufilize the computer hardware in an efficient manner. D. STORAGE

direcfir o VR REW RO FRIE A1 G Hi g oD T SRR (5 the

Appledoan ke the thata “staiato80 2nstealicohdimtetboy) bateedyass wediherdhdallrobtiese

embpdiment, the database engjne comprises a_relational dat e.enagin
terms e B A T e o AR RS R e
other equgirebeBitecosfprisad taersfices sothi &@Qictbealvert oatadi mrastdedgb asacturgsw@nd their

Th% Fliita store 392 implements a data model 304 that supports the
folder and Tife componen hi . o :
organizatior, searching, sharing, synchronization, and security of data.

SpEeasat typresitbdaliy, ax didesonbiekia sotiiestiasy siichldarspcha tnees@$ed and

: form. i Is 34 ing.th

riere S e T R B R T A e
accor dingrig edaticie mgdelcdcicandsst Baiccompiesedheatiredtoiy thee.dkoa exanapBe)2s illustrated
e RS AR g PRBE I ol At e 12 A e e
plural byt do s Bl ecaibafssbtimoey flulien eloworidesdditiosab felges &sd subfolders’
of the MR S 208 T SRR AR & A G Te S 215
infinitappli€atbofieselivisides 01 bplieateroprogafilestElcal BB0Igha#d [B50c) that

-~ | _ : o sl
e B P O e oDy o
other thanlihelr apeatieniontbedipameasdah e_ﬁ.cappimgi_qglyptb@ramsoaelmaf BERNjZing files
into fG1AG FROG IR ACTRIRAN YHIGIOIRIBIN CARSBIHISS BHBR HIREA0S Y Bhia used
to store these files (e.g., hard disks, floppy disks, CD-ROMs, €tc.).

[0090] Inaddition to the foregoing, each folder is a container for its subfolders and its

files—that is, each folder owns its subfolders and files. For example, when afolder is deleted by
the hardware/software interface system, that folder’s subfolders and files are also deleted (which,
in the case of each subfolder, further includes its own subfolders and files recursively).

Likewise, each file is generally owned by only one folder and, although a file can be copied and
the copy located in adifferent folder, a copy of afile isitself adistinct and separate unit that has
no direct connection to the original (e.g., changesto the original file are not mirrored in the copy
file at the hardware/software interface system level). Inthisregard, files and folders are
therefore characteristically “physical” in nature because folders are the treated like physical
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and to access the data described in the schemas. The storage platform API
322 may be used by application programs in combination with other APIs,
such as the OLE DB API 324 and the Microsoft Windows Win32 API 326.
-26 [0095] The storage platform 300 of the present invention may provide a
variety of services 328 to application programs, including a synchronization
service that facilitagtes the sharing of data among users or. systems. For

conta B0 e i RS SR AT Pt 290 L Nt RSP AT

contaiotngr data stores 340 having the same format as data store 302, as well as
access to data stores 342 having other formats. The storage platform 300
also provides file system capabilities that allow interoperability of the data

1. StoreNFR STIORXGENBLIETIHCSR MSEFGRID RS il A NDVBENTREH(I NG spdtdn
3 BB ARNIEaBASOMe embodiments, the storage platform 320 may also
provide application programs with additional capabilities for enabling data to
b&0RSEd Udwrpegsarfoneeatinimg nraensa naiton it thithe relarshiayentiess incorporated

oy re SRR ERAIRIRAOAIEA A SR IEPATR? oAt 2

an Info Agent service 334 and a notification serv as we

searcifd}mnamcg!mmmﬁ_@s 333 .S[o@%]nlraté@_n@'aﬁttﬁerﬁ@%ﬁmttiamwt@mss:meéﬁardg@oadens
the daAQRBHIS S‘éy&%’{ﬁg Kind¥ JPESHSEtﬁS-@; fﬂé%@@%dﬁﬂ%%%ﬁ{ﬁ%%ﬁ%%i

Interface system ot a computer system. For example, a
aboveitangisdesiopratiorbe diareis et ivpemabraaayelsdingrvaruipropfelaagalled
ltemsintegral part of, an operating system, a virtual machine manager (VMM), a

Common Language Runtime (CLR) or its functional equivalent, or a Java

Virtual Machine (JVM) or its functional equivalent. Through its common

sterage teppstadigpyand schematized data, the storage platform of the

present invention enables more efficient application development for

CoosoNeraskirawiedan Wl ketaad 6 fRieRRTsRBWIrgiermatise artfollowing

extensible programming surface area that not only makes available the
meanifgsabilities inherent in its data model, but also embraces and extends

existing filg sixete MU AriBPasr-BrRERFSMalAtRCEGPTd 1h Aeralardasiware

description, _and in_ various ones of the fi?ures, the storage platform 300 of
the presURETFRAE SR b MKk AsrBISd oviA PR OtV aRend, A esIctAS of
e e g B v
y the hardware/software interface system shell. Items also have properties and
relationships that are commonly supported across all Item types including features
that allow new properties and relationships to be introduced (and discussed in
great detail later herein).

e An*“operating system” (OS) isaspecial program that acts as an intermediary
between application programs and computer hardware. An operating system
comprises, in most cases, ashell and akernel.

e A “hardware/software interface system” is software, or a combination of
hardware and software, that serves as the interface between the underlying
hardware components of a computer system and applications that execute on the
computer system. A hardware/software interface system typically comprises

(and, in some embodiments, may solely consist of) an operating system. A
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[0098] The data store 302 of the storage platform 300 of the present
invention implements a data model that supports the organization,
searching, sharing, synchronization, and security of data that resides in the
store. In the data model of the present invention, an "ltem" is -27 the
fundamental unit of storage information. The data model provides a

rolaton s P AL Ry AU A IO e ELRAd e reneoes
Categori@s/iag )destotipaeh mosadudlyeliRuoimBE@IORT bei ttmatiodal eglinsient, a Java
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which Steaeit,cGiteatnid Gtath anesef typexetiune sppd céjpos b gsares! N3 doiaeet any
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than one value 1or Eeag?ree?rprop%/r y. The System ofifes Cortain primitive

types thaisezas besili seditih 26 ¢heamshput 8o haofwine imygnest fi dises enarciede

String, Binary, Boolean, Intl6, Int32, Int64, Single, Double, Byte, DateTime,
Decimal and GUID. The Properties of a Type may be defined using any of

the. primBVOBASEOPWTFDRM ©8tE&RMHEWoted below) any of the

constructed types. For example a Location Type might be defined that had

PEEPYTlie RESHINH Hrd-1h & Loripeae INHEPENTOM aamsses asieke S 916 30dpe
impletaRaF ARS8 % s hgd ﬁhﬂY@erﬁﬁBHF‘rﬁéﬁE eYARLeIGANEEhHises a

optional. [0100] Relationships can be declared and represent a mapping

relatigieheEhaRReset BN INdRRIREE ST ORGP ERISIORS e XA ATNETHOE MesY, beeael ational
databdRe B RS B BRI RALRRMASE SBF R EO8er M RN BHASERPREOBNRIRE The data

called LivesAt which defines which people live at which locations. e

store 302 4mBHEARTE A A ZIAECI AR Rl repRe s ARedIiianietiion spIPBING har 0.
wnchF@WféWB%&?é?@@ﬂ%fﬁp%ﬂé@Mié BAYFRAMR A QA ARAhRGRRAEE Such as

Both the Source and Target endpoints” have a Name and a Type. For

Schemgs ) 6 e vesTaerREROMSHR FEy s arle A CSRleyiRRI P gRemas as
well aE%ﬁ@;agaﬁtﬁrﬁ? Tygedsrited RwalinaiRbivee kasrbemgnd in addition has

properties StartDate and EndDate indicating the period of time for which the

o600t AvekraBe EakialimsChepETRRB Al pEoRni ey N ADe ipsiore 302
providby BRI RY S KR En {3 P BRY D AR A RIS RSP R3D 15 571 dBs B QWhty

likely placeto put the StartDate and EndDate information is on the
capabilities 308 and a promotion/demotion capability 310, both of which are discussed more
fully below. The data store 302 also provides a set of application programming interfaces 312 to
expose the capabilities of the data store 302 to other storage platform components and
application programs (e.g., application programs 350a, 350b, and 350c) that utilize the storage
platform. The storage platform of the present invention still further comprises an application
programming interfaces (API) 322, which enables application programs, such as application
programs 350a, 350b, and 350c, to access all of the foregoing capabilities of the storage platform
and to access the data described in the schemas. The storage platform APl 322 may be used by
application programs in combination with other APIs, such asthe OLE DB API 324 and the

Microsoft Windows Win32 APl 326.
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relationship itself. [0101] Relationships define a mapping between instances
that is constrained by the types given as the endpoint types. For example the
LivesAt relationship cannot be a relationship in which an Automobile is the
Occupant because an Automobile is not a Person. -28 [0102] The data model
does allow the definition of a subtype-supertype relationship between types.

T type-supertype relati ip also known as the BaseType relationshi
e R P RS R PR e ey
servictssszase appli ety pragfiands; inEBidingl seyathnstivetmobéyite @@ thatfpfitates the

hari ex&r ssi%%this is that evg{éinstence thatlc%ﬂforms to B must also. cogégrm

AING Ok GRS SF I HRTE R S W0 pH T RIS SPTpEERiUORIETY gy ey

enabl ehatearherdgityf Wiy hetins Gait kdmy 340dtaaimg s sace forBan es tihiasdre 802, as
Name and e, T, e hierarchy may be envisaged,as an itha .

well o e e 2 M e T R P P G R 4 ovices

file sylshen cafiyiiciestinat Al heeaperEb Bebf hevidea dier e S0arwiitle ezl Sirptyide systems,
a on,to t fzmost subt which themselves do,not haye a

sueh e e R S 8 e T R e Hhoe

pl atfoumrﬁammwalstyqjecwiéggipplripﬁ{p& mnagrdmswizﬁcbraxtit im:ahycapﬂbiyipifs feoncbrzahiong
o[ one super type. iven. instance, ma nform to at most, one

datat?oge?ﬁteerc'ijvgﬁméé% f%r%ggflggm?eracthn%ﬁ%fg e Systens, esecgf?

Sbilities may be
type's Super types. To put It another way, for a given

embodiadandbedioamyoleadditrotia se0e dbe3PB tandeanay lchodgentcatoes84mad a
. that.level, is said to ract if jastances of the type
no“fl%flﬁ%s?{%%\cl) %%%%’i%?gﬁiggﬁ aﬁﬁgtﬁ?yp%%& I%pe?i&f/ﬂp%.eglg?t%te’ms [0103] An Item is
a [0oR6}f storatd kash fomeaginhatiateots|ikee stonags el fitéoris asmeantijodieth aving farms an
. ic. set of i re | t j
e e e S I R ramle, and
withotteingitatsenhthessinrege lalf aintlof ¢heteseénip entieatiarencaynie eniostiggbioyted form an
- crass all | i r rfj
it o B L R S AR R B L anguace
RuntimiejéCtsRporcivs oot @k estivvel e cor sslaopy, dekid aohove (DPEN opitistunctional
. r i . i r
B S LSS I IR R A 0 30
of thesunsagbiplarition endbtessesendfi girnp epibisasianetegcl opRemtfionedipsmers,
knowll%ﬁagml@%aeéﬁgr&fi%'cn &@I@%’ﬁéﬁ%ﬂ &F&t&fxlgeﬁ?clbrammi ng surface area
that not only makes available the capabilities inherent in its data model, but also embraces and
extends existing file system and database access methods.
[0097] Inthe following description, and in various ones of the figures, the storage
platform 300 of the present invention may be referred to as “WinFS.” However, use of this
name to refer to the storage platform is solely for convenience of description and is not intended

to be limiting in any way.

E. THE DATA MODEL

[0098] The data store 302 of the storage platform 300 of the present invention
implements a data model that supports the organization, searching, sharing, synchronization, and
security of datathat resides in the store. In the data model of the present invention, an “ltem” is
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herein below. [0105] Items are intended to represent real-world and
readily-understandable units of data like Contacts, People, Services,
Locations, Documents (of all various sorts), and so on. Fig. 5A is a block
diagram illustrating the structure of an Item. The unqualified name of the Item
is "Location". The qualified name of the Item is "Core.Location" which

e TR LS s B el
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EAd M lit ian, Neighborhood, and P dd . Th
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the right of th th ber of val itted th
Type R e ol Cor AL By A T LA B o MR B e
The farhtbiei € okpnetss)l asditatesran sahop Scdpett i@adioPrapenytéslamamied ol avahye pr set of

A 1" to the right of th | indi that th ) t t |
valuedd o dR AT R R e R T B R BB e
City, Riipe Gtateriy hibiob Sates, aligind StteartbeflefpeSthag atut Ziis atcBypratriferetreet
oy S AL S T A R v o
the Stpeeidetipendydatzetyysterodasingsleayae pfamdi isernypes thetream b tsed @ickhnef

italization). d c P I jes.of

const R Y R e e L T B MR S
Doublig i@y & At snea e oulcdnd BesB réspdutipelyicad ayes mgyebs dghisedhsing

) - : .
any of MRV R LI SR S B R AR 9D SN G Bl ypes.
For empte@ bmmnﬁmam@emaﬂaﬂg@f tmermmj@s;wmemmmuw
where R B O L O S A R BEE P Rs may loo
be requiieliior thizittagh's boundary, as discussed later herein). These concepts of

. _ . ; -

e P S e s e e o
instanpessvhMddivRes. Aot dxavigle e ey betaRelaiopshipciselayer) pet wedintetRatson
Type |t3|/{ﬁ/a %E&riBH%’%éy&ﬂ P Q%ﬁ%‘?%ﬂr?&ma?%b?e%\éeaﬁfﬁéﬁ 18B&tions.

ues, zero or one CountryCode values,
The Relationship has a name, two endpoints, namely a source endpoint and a target endpoint.

Relationships may also have an ordered set of properties. Both the Source and Target endpoints
have a Name and a Type. For example the LivesAt Relationship has a Source called Occupant of
Type Person and a Target called Dwelling of Type Location and in addition has properties
StartDate and EndDate indicating the period of time for which the occupant lived at the dwelling.
Note that a Person may live at multiple dwellings over time and a dwelling may have multiple
occupants so the most likely place to put the StartDate and EndDate information is on the
relationship itself.

[0101] Relationships define a mapping between instances that is constrained by the
types given as the endpoint types. For example the LivesAt relationship cannot be a relationship
in which an Automobile is the Occupant because an Automobile is not a Person.
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zero or one MailStop values, and any number (zero to many) of
PostalAddressTypes, and so on and so forth. In this way, the shape of the
data for a particular property in an Item is hereby defined. The EAddress
property type is similarly defined as shown. Although optionally used herein
this Application, another way to represent the complex types in the Location

Item is.to draw the Item with the individyal properties of each complex type . .
i3 EHE R e o8RO et T S B e e eranip
betweerhies. iThe subpypr-types e rl eiensiigs alib echovdo dsoheeBasc Tygaoeletiomship is
. understood that this, alternative representation of the Location [tem in thi
cefind S A VB B S R TRR Lot PRE L SE G i ey
instanoé tfeBpieaisntanrivsiaiion ailgo Athotherswiyypl ey prissiedp yhisis fha ey tinstance that
can be a subtype of another (where the one prpperty type. inherits t .
confoff R 3R A8 ST A bGP B S oS e e
while B tps dipopertytAeie pf dpgey rivite st iotiowsnhatramtlinsteapce oéii thest bave bietin a

Types that Iso be the subject of subtyping. In ather words, the storage
Name HREH AR TR MRS MO RO Dl A8 e S1ala0e ot the

root. Ehelinéybefranctherdot pr@witle tbbyitke et sty pes dhiesshiaaghesze thes| efel
. the ather, parent Item).. Mareaver, for. various embodiments, of t resent
prowc?e e tslgcdrpaaﬁeveﬂ%?n:]p)?gesan SO on {Pthhee rq?g-rwo wg{¥8§%qbw?§#%s%v? do not

nvention, every a subtype o em rs
have anydsthtyistidhaltieens tygiedoamd med he esfeaSoifernadéptiebud asarBthentan any

will als IS In_detail later herein.) Fi illystrates an.ltem,, the
ovole B QS A TREN ST SRR A S VD e
Instanive tneyBasdoiBe he ehandd thiie tyeetivgst eevaitfothdhtyipe tesutbesittyiped_obapohit another
i I r (S.a. t the. | T e
way, (DI B A RS B TR AR RIS R AT sy
at thainewebe Adlyjve i saacit @ spdbstracs ut nstaricead thedyperious tlsebeanpsstanad of a
subtyéE%rfeI% fines the standard properties of all ltems in an operating system. In
e present figure, these properties of the Item Item type are inherited by

Locationland thﬁ become properties of Location. [0109] Another way to
represent the properties in the Location Item inherited from the Item Item

tyRA MO ARV P ral ORiVGINtbRINSiMiSHAEREPRREICS ke AIASRPEILY iAR object
from the parent Item listed therein. Fig. 6B is a block diagram_illustrating the

having g haeisoFeh RUPIRSEIRSESat e AR Pl HererBd agrp sl iMeg §igposed to an

end-usRBEEHIFCRIORTRFat BY AHiCskrnetae R UNEPRSIQes Hhpé Brispieidsiarie
_same Item illustrated in Fig. 5A, although in the present figure

relationships that are commonly supported across all Item types including features that alow

new properties and relationships to be introduced, as discussed below.

[0104] Items are the objects for common operations such as copy, delete, move, open,
print, backup, restore, replicate, and so forth. Items are the units that can be stored and retrieved,
and all forms of storable information manipulated by the storage platform exist as Items,
properties of Items, or Relationships between Items, each of which is discussed in greater detail
herein below.

[0105] Itemsare intended to represent real-world and readily-understandable units of
data like Contacts, People, Services, Locations, Documents (of all various sorts), and so on. Fig.
5A isablock diagram illustrating the structure of an Item. The unqualified name of the Item is

“Location”. The qualified name of the Item is “Core.Location” which indicates that this Item
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Location is illustrated with all of its properties, both immediate shown in both
this figure and Fig. 5A and inherited shown in this figure but not Fig. 5A
(whereas in Fig. 5A these properties are referenced by showing with an
arrow that the Location Item is a subtype of the Item Item type). [0110] Items
are stand-alone objects; thus, if you delete an Item all of the Items

d inh ed. Simyjlarl h .
Sty O B et AP IUPRTl U 1 e e U 1 B il BECR
dlscussmamted)mdpmtla@mrdwm)g the mformatlon -31 pertaining to its complex
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by a cebost(hg prﬁpdn&esgtlf dﬁmétmmémtype theesmbex nsles' permllhedéaftt?hat property

ertl s.of the | subt &5 of.t L,U; e me
type|3| omaf}E\]I iIca ylncllj‘b L gfép f\gﬁ prop)éﬁtles fﬁ% 1]‘3} Mﬁerﬁﬁarythgfct%on( ")
indi cattmansurepeelsﬁmuteddb@f |tmlpmmtmmambec(umarg/cpnﬁpléx torthesightygdebe colon
indicafes %%‘Sea“d 504910k ARNEne Hoyad 36%?0 (RSP PR U h Sl Btk thet
operation per?nrme On A tens stch ‘s coag e move, crea{e and%o
the properﬁorse)mmpﬂb(tmereewéjeambwamﬂﬂ)omhdptesheteftvﬁrttnermpWhenoﬁwates

thet R S PR S N AR R o e

M etropemmmmthembmhghtymwohaﬁc(maqlnbm ¢aly iah'tdeisasmd@medrdﬁta type
or S"sngglg}(}i‘!fgln‘r@\ﬁ dch ﬁ%ﬁ&@éﬁéﬁw ase l@%:a ?%gag}:%%ar e sub ype
PostaliAfisiresstie h(ivayés, anégrropeitiesefrtehineg tya@qnémptemypﬁélaﬁdamted herein
by caﬁ%f%%wﬁ f ﬁ%ame%ﬁﬁﬂﬁgﬁaﬁﬁ% é&ﬁ% NG @%’1 ﬁ%@qé)[?/pe

a suptype o ems compile type oper
that i ssdaeweibing(mifameyarimbie sighhadate ideasipiop érdesobihiesaoimia exyppes(nbiiee

compl%(c‘@&%gon oév'é?oﬁ%ﬂ}’e%ﬁyaﬁ'ﬁ A% éBﬁsﬁﬁﬁﬁbe ﬁ%&l%%g&% g NG Uit of

ationships”, that'is, the ltem's own list o
the complex type are nested into the |mmed|ate Item to define its properties, and the information

pertaining to these complex types is maintained with the Item that has these properties (within
the Item’s boundary, as discussed later herein). These concepts of typing are well known and
readily appreciated by those of skill in the art.

[0107] Fig. 5B isablock diagram illustrating the complex property types PostalAddress
and EAddress. The PostalAddress property type defines that an Item of property type
Postal Address can be expected to have zero or one City values, zero or one CountryCode values,
zero or one MailStop values, and any number (zero to many) of PostalAddressTypes, and so on
and so forth. Inthisway, the shape of the data for a particular property in an Item is hereby
defined. The EAddress property type is similarly defined as shown. Although optionally used
herein this Application, another way to represent the complex types in the Location Itemisto
draw the Item with the individual properties of each complex type listed therein. Fig. 5C isa
block diagram illustrating the Location Item wherein its complex types are further described.
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what other Items (the "Target Items") are owned by the present Item (the
"Owning Item"). This is particularly relevant in regard to Item Folders,
discussed more fully below, and the rule stated below that all tems must
belong to at least one Item Folder. Moreover, in regard to embedded items
discussed more fully below an embedded item is considered to be part of the

Item.in,whjch itis e r operations such a e d the
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properties of Location.

[0109] Another way to represent the properties in the Location Item inherited from the
Item Item type is to draw Location with the individual properties of each property type from the
parent Item listed therein. Fig. 6B isablock diagram illustrating the Location Item wherein its
inherited types described in addition to its immediate properties. It should be noted and
understood that this Item isthe same Item illustrated in Fig. 5A, although in the present figure
Location is illustrated with all of its properties, both immediate—shown in both this figure and
Fig. 5A—and inherited—shown in this figure but not Fig. 5A (whereasin Fig. 5A these
properties are referenced by showing with an arrow that the Location Item is a subtype of the
[tem Item type).

[0110] Items are stand-alone objects; thus, if you delete an Item, all of the Items
immediate and inherited properties are also deleted. Similarly, when retrieving an Item, what is
received is the Item and all of its immediate and inherited properties (including the information
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hierarchy illustrated in Fig. 11. Additional reference types that inherit from
these types can be defined in the schemas. They can be used in a
relationship declaration as type of the target field. 3. Iltem Folders and
Categories [0118] As discussed more fully below, groups of Iltems can are
organized into special Items called Item Folders (which are not to be

e A s B R R S S
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Cateqory. [0120] Ca ries,are ceptually different form Item Folders,in
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wélsobttypecointinabsadedtatmed characteristic), each Item in a Category has a

o S R SR AR o drvgaegi

Item has properties of complex types (native or extended), the copy may also have

the same complex types.

e Theltem’srecords on “ownership relationships’, that is, the Item’s own list of
what other Items (the “Target Items”) are owned by the present Item (the
“Owning Item”). Thisis particularly relevant in regard to Item Folders, discussed
more fully below, and the rule stated below that all Items must belong to at least
one Item Folder. Moreover, in regard to embedded items—discussed more fully
below—an embedded item is considered to be part of the Iteminwhich it is

embedded for operations such as copy, delete, and the like.
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basis for its relationship to and among the other Items in the Category.
Moreover, whereas an Item's membership in a particular Folder is not
compulsory based on any particular aspect of that Item, for certain
embodiments all tems having a commonality categorically related to a
Category might automatically become a member of the Category at the
hardware/software interface system level. Conceptually, Categories can also
be thoudht of agt%ué%aﬁfég?&ers whose memgersh)i/p IS ba%ed on the
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Item Folders, and Categories are all Items’(albeit of different Item Types):

locatopyesoliipBsREraeE a6 ferRiyS, thpvalie efdhes,asratéena) itemdosnaitsT he

lteml 99%@@8987&%51%"@ present invention are not characteristically "physical”
in nature because they do not have conceptual equivalents of physical
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being organized into Categories provides an enhanced and enriched degree

resol uypRATEt A SistiRRMISRAE Ss dg e ai b kosaipR Bl R e giemain. The Path field

contaif8&VaERIAS) TY4EH i AR 4RTBdE YR BN AE U e B SIRIAPI R REe dBrHafovided
4. Schemas a) Base Schema

by the Locator.

[0116] Thistype of reference cannot be used in a set operation. The reference must
generally be resolved through a path resolution process. The Resolve method of the storage
platform API 322 provides this functionality.

[0117] The reference forms discussed above are represented through the reference type
hierarchy illustrated in Fig. 11. Additional reference types that inherit from these types can be

defined in the schemas. They can be used in arelationship declaration as type of the target field.
3. Item Foldersand Categories

[0118] Asdiscussed more fully below, groups of Items can are organized into special
Items called Item Folders (which are not to be confused with file folders). Unlike in most file

systems, however, an Item can belong to more than one Item Folder, such that when an Itemis
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[0123] To provide a universal foundation for the creation and use of ltems,
various embodiments of the storage platform of the present invention
comprise a Base Schema that establishes a conceptual framework for
creating and organizing Items and properties. The Base Schema defines
certain special types of Items and properties, and the features of these

special foundational types fro hich su es can be further derived. Th
eccesZRl I P B e A ST A T ) G LT R T e igt om
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. nd.its corresponding ltem.Type). [0124 llustrated.in Fig. 7,.and in, .

with R B STOYR S el o B et 2T o P el e
deletiolebhdetticee thpvetedisgses st abortdusioneraadfRnepeesdBaise A0S EwWiem

the Item type is defined by the properties of this, fou ional "ltem:" | .
must pABGS ARSI e P SR TR R R 6 Al em is
del etedribgafiferdprepmriediamnshts theledyn thalaociatcdyndeldizhos) i nthter pabperty

es arg derived and thr which all derived Jpropert e “
et N B S o M g v

interrelate
Can” Hete roider toprecepbatintieisnilefibe svhitzn tenanthe fekdersisadtxteadeusdivestindsfol der-
based:_%?ném tion to distinguish one extension from another as an Item may have
usftlpl extensions. [0125] ItemFolder is a subtype of the Item Item type that,
inf@tthfiomtealse gismpestie snontaritgddétow Items feayales belRatatimastegaioes based

o oG R Lanh e TR e

immettiigatity Kibser itE0QuopesiyH@mar §peREs) ari(t)saayvesifiinalues (of tratuss)eayeesponding

to an R Bt B e ] LR SRR ropkfti B P S oo
infornstioblodghtiagiematiitaty thangda s GomteciCome®eicand aay dt ey haBng eontact

T T A ey

Item Hegifg alogating ptbpertyivlit brateaadofildNandy tsldeitisasughtatomstisally belong to
aNe\/\ﬁr’@lj @Ry?%}gyunction of the Core Schema. In the Item-based
ardware/software interface system, the Core Schema defines a set of core

1t€PA20peLdiagories are conceptually different form Item Folders in that, whereas Item

Folders may comprise Items that are not interrelated (i.e., without a common described
characteristic), each Item in a Category has a common type, property, or value (a
“commonality”) that is described for that Category, and it is this commonality that forms the
basis for its relationship to and among the other Items in the Category. Moreover, whereas an
Item’s membership in a particular Folder is not compulsory based on any particular aspect of that
Item, for certain embodiments all Items having a commonality categorically related to a
Category might automatically become a member of the Category at the hardware/software
interface system level. Conceptually, Categories can also be thought of as virtual Item Folders
whose membership is based on the results of a specific query (such as in the context of a
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directly (by Item type) or indirectly (by Item subtype), characterize all ltems
into one or more Core Schema Item types which the Item-based
hardware/software interface system understands and can directly process in
a predetermined and predictable way. The predefined Item types reflect the
most common Items in the Item-based hardware/software interface system

and thus a leyel of efficiency is gaine the ltem-bas rdware/softfware
catabii, o) Gy et e B e R S e SR B R aS o the
Categthty)@m@cﬁtﬁtg:em:ﬁnfﬁ&dm%hi?oeytlapmymimemz the Ct:ore Sghemla ifs

n n at is, no, additional Item types can be s ed directly from

g e B L R B e R e S e
Categgﬂ'e?mtépeﬁjt‘hhtyeméh } . Ipartsoft(m_ h %%T@SMII?@%WBIQMﬂTI@,m&l’?id?:Q@Caltbe

ore,Schema,(that i ventin iti w Items to the, Core
memtg S oot R o o 8 AR e TP el o more
than dwﬁersiﬁo&jeverg. ,s;mpmamoww?igma@m%?a Mtﬁmmf f| tae(_aa_r_e.g., [tem
a e. structure_enables a reasona ree of, flexipjlity

02, A e B R el e o 4,
whi Ieatpmdiieﬁwé.g_eﬂ MM@I&&%B{@H@} fraayvViagiong mb@ﬁmgmﬂesn(fahmugh this
s ter g o g R R L oo RE RS N Shhometicaly
ImplieS aveginesshi mm&mmw%@mype dralttgmwmmb&l'erm/et@fﬂmmpfqmw featurelessin

[ en | ries in the ltem:bas : ware int :
order ORI B MM Bl e S A AL TR R B erarchica
structliernt flobolérs) laotb@liatdgririestand Hem Sonersthavéatnuatiorsproce skingo directed

lities,. Dac ts, It Wi that,i ' t :

e e R A e A R e o
different Hppli€gpies). program corresponding to the document type. Events: Items

t ord certaj C nt WL ions;

AL SR ATASOME e o Sl
Categhaesobieopresentivatant dreoneeot tharartenstieghyntibssoaiefimod ube meguse they do
not ha§§ GRS UFRRI0AYRY 8 SrH SN S ARTRPY XYY RR R B A7 98 itnore
than one such location. The ability for Itemsto exist in more than one Item Folder location as
well as being organized into Categories provides an enhanced and enriched degree of data
manipulation and storage structure capabilities at the hardware/software interface level, beyond
that currently available in the art.

4. Schemas
a) Base Schema

[0123] To provide auniversal foundation for the creation and use of Items, various
embodiments of the storage platform of the present invention comprise a Base Schema that
establishes a conceptual framework for creating and organizing Items and properties. The Base
Schema defines certain special types of Items and properties, and the features of these special
foundational types from which subtypes can be further derived. The use of this Base Schema

allows a programmer to conceptually distinguish Items (and their respective types) from
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Itemld (e.qg., the identification of a person, organization, group, household,
authority, service, etc.). Statements: Items having special information
regarding the environment including, without limitation, policies,
subscriptions, credentials, and so forth. [0129] Likewise, and in reference to
Fig. 8B, the specific property types supported by the Core Schema may

incl . .of the following: -37  Certificates (deri f th .
Prope e A R TR B L p MR B 108 Bk o e ol By eisygnel
set of (mepeeiddiban Hid tefastitpi ppdyrse a8 dldtBas¢hidhbarajorfegstabivddtessT ypes) are

. ' f the P ty t inth S a) Rich T deyi f
ceriv AR TR A e o R (R PO HLEET iy

tyod 24]theAls AsesBatied imelyi dd@nditg e cegandPacike gl datboeichisnts dfieh t
: %’E)Ia'o]rghi ein %Eg;%ﬁ ScE%n?sglRole_Oﬁgﬁ(@& derived orr?'ﬂé&:n A
inverfER R SR R B b s e R e e R Base. As
showrk hatitems hypeyipeefiribe Beabe Srcipertied dtbsef temdat eomadl P rogye'ttiesvargpe. |
Co(:]\t/\r,f rtther de?gi yepdb heir re; ectivte ggggﬁties setéggh in,Fig. 8f6" andﬁg.n |

#s.*%?‘i&&%.’%&h%é’%ﬁ%‘%ﬁ LRGSR I8 BhRIS T RPREL Gig 5 jaerely
the anltbon fsodesibichtald cthaquoperyrigibeaod verivedaad thrgegh Tviechoal F cleritesd

nd the target ltem are related by the rejationship. JThe source lte ener
propeft) A B e Rl RLE o BRI R o FRESTE SR ol 506 e
Extendeletgpe fivepeltrtoadine ivbiaie Herthindtextsnsionl syt dadstasivEidslidentification to

.. Relati j ified, into: [ d Ref |ationships.
i S B RS B o e
tHO12k re hemnFeldeioisshspbtdoeradtt ped tede! temy tyfieetinat, manddgaménthe properties

e TR A LSS I OGN RSIERE RO .
whereasbdtoldiendityieyEant Sdoed y eratiibtyres of\Rropenly BetdinG atesigaiyRefijs tion, is a

removed, the Item is deleted. A holding relationship controls the
subty I eﬁ&%@@@érget through a reference counting

b) Core Schema

[0126] Various embodiments of the storage platform of the present invention further
comprise a Core Schemathat provides a conceptual framework for top-level Items type
structures. Fig. 8A isablock diagram illustrating Items in the Core Schema, and Fig. 8B isa
block diagram illustrating the property types in the Core Schema. The distinction made between
files with different extensions (*.com, *.exe, *.bat, *.sys, etc.) and other such criteriain file-and-
folder-based systems is analogous to the function of the Core Schema. In the Item-based
hardware/software interface system, the Core Schema defines a set of core Item types that,
directly (by Item type) or indirectly (by Item subtype), characterize all Items into one or more
Core Schema Item types which the Item-based hardware/software interface system understands
and can directly process in a predetermined and predictable way. The predefined Item types
reflect the most common Items in the Item-based hardware/software interface system and thus a
level of efficiency is gained by the Item-based hardware/software interface system understanding
these predefined Item types that comprise the Core Schema.
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mechanism. The embedding relationships enable modeling of compound
Items and can be thought of as exclusive holding relationships. An Item can
be a target of one or more holding relationships; but an Item can be target of
exactly one embedding relationship. An Item that is a target of an embedding
relationship can not be a target of any other holding or embedding

relationships. -38 [0133] Reference relatianships. do not contral the lifetime of

O R R T S ATE (e SO b s sl 5 Mo
additifteldtencyypetativnshiobigpadudresey fiom dukelt aefeypn rethtcB s Schayabreept for

in_the glopal Item nam ace (i.e, including remote datg stores)._[0134] .
the spE T RT e e Tr  PA e Cr SePieA ynin
extensiousttexpd Cilye Souerst ((tieat ésatig s biesttrigatindtandli tioradidrison| temslitythg @ore

relatjonship does, .not modify the, source, or the target Iltem: similarly,.adding a
scher ol B SR it R TR R he KB ST A s REC 9
subsedReotatatiotypels beddssar kphdctive/ptah sty Bebama defmypeavithibetructure

following elements: elatignshi me is cified.in the Name attribute. .
enab g SRR BRI o B R e e B Werving
the bersefggexdihad my therdighmedtsdt iecoBoltenetgoebtarget endpoints. Each

en int specifies a name .and the type of the .referenced ltem. .The sourge

o IR A SRR P O S T R Pl o
the spatifiteten tyees anppalted lsydie SotaSchéatamslyi prcisterae oF ondrodditie &vitbwing:

Embeddjng relationships, the. target endpoint field must be o
Lo DR RSN R DA PSP AR Ao epresn
relationshap drGtteyteics on thefitsenbasael dkioiship'sdite taegeteeiadp systaran be

data o B S SR el B G RERLIAEESH CCBRAl YA BropertyBace ype
can he dpelaced. |tEfesrfiala g eiriaiucsiaapsgaRriethiaidiien processing
relationsg‘Ei‘Bébmttailggonship instances are stored in a global relationships table.

e Documents. Items with content that is not interpreted by the Item-based
hardware/software interface system but is instead interpreted by an application
program corresponding to the document type.

e Events: Items that record certain occurrences in the environment.

e Locations: Items representing physical locations (e.g., geographical locations).

e Messages: Items of communication between two or more principals (defined
below).

e Principals. Items having at least one definitively provable identity aside from an
Itemld (e.g., the identification of a person, organization, group, household,
authority, service, etc.).

e Statements: Items having special information regarding the environment
including, without limitation, policies, subscriptions, credentials, and so forth.

[0129] Likewise, and inreferenceto Fig. 8B, the specific property types supported by
the Core Schema may include one or more of the following:
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Every relationship instance is uniquely identified by the combination (source
ItemID, relationship ID). The relationship ID is unique within a given source
ItemID for all relationships sourced in a given Item regardless of their type.
[0136] The source Item is the owner of the relationship. While an Item
designated as owner controls the life time of the relationship, the relationship

itself is separate from the Items it -39 relates. The storage platform API 322
provities R RERPL UG N O P LR SR B s
[0137] Hetheimi@n example of a relationship declaration: <Relationship
Name="Employment" BaseType="Reference" > <Source Name="Em Iogge"
/Ei hema)

ltem Py pELEERl LRI KeHb/ ety Epm Shrd depihyifsyeiype in the B

ltemTypeosaPAde (Baneat Pommeieieopea) o= er iBRelsrrass) _/ >

<Property Name="StartDate" Type="the storage platformTypes.DateTime" />

<Properl NEHREL (BABISH By e PraRSdioRI PR PAF S Bt Time: />

<Pf006_r§¥,el\é‘i_@|%§s-‘0&§éﬁk9é‘d' ﬂ&ﬁﬁﬁgﬁoﬁ&@WP&fﬁﬁfﬂé@M%%%T'me" />

</Relationship> [0138] This is an example ot a Reference relationship. The

relationskignbaySaeriyPackatied dethepd grbrhedielgiianshipforsitddeB aseSchema)

source refar ' if i

relatonan g Ue (e KRR SR e

Howeve B abittier éSegea(ziativad feom shedRetationislel peigieoimsihip Bssedbaelem d

d.iti naling. b) Holdi elationship [0139] Haolding relationshj e

e TR0 Sl e R R TR R RS A o

8A anlldigs.§B140] An Item can be a source endpoint for zero or more relationships
to Items. An Item that is not an embedded Item can be a target of in one or

more hofging reReli@menghis

[0130] Relationships are binary relationships where one Item is designated as source
and the other Item as target. The source Item and the target Item are related by the relationship.
The source Item generally controls the life-time of the relationship. That is, when the source Item
is deleted, the relationship between the Items is also deleted.

[0131] Relationshipsare classified into: Containment and Reference relationships. The
containment relationships control the life-time of the target I1tems, while the reference
relationships do not provide any life-time management semantics. Fig. 12 illustrates the manner
in which relationships are classified.

[0132] The Containment relationship types are further classified into Holding and
Embedding relationships. When all holding relationships to an Item are removed, the Item is
deleted. A holding relationship controls the life-time of the target through a reference counting
mechanism. The embedding relationships enable modeling of compound Items and can be
thought of as exclusive holding relationships. An Item can be a target of one or more holding
relationships; but an Item can be target of exactly one embedding relationship. An Itemthat isa
target of an embedding relationship can not be atarget of any other holding or embedding
relationships.
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[0141] The target endpoint reference type must be ItemIDReference and it
must reference an Item in the same store as the relationship instance. [0142]
Holding relationships enforce lifetime management of the target endpoint.
The creation of a holding relationship instance and the Item that it is
targeting is an atomic operation. Additional holding relationship instances

d th : ' h o) he last holdi
O IR e TR SRR o
be daritgings- st algeteem-#Ry0DI BkiEh Refpencd thletmshipstitelraspe tifiedds
L e e
chieat@d afeeatiing eelstioncbis ineatadmistied | G ébH itsolaipnatiorsiptisations

la ey role.in forming the Item namespace. .They contain the "Name".
must B e e s B e I8 S et s e iR coes
not madiiiy tekasve ceon ¢his targguiecior siinite| ipididigg el adlatishshipsineseot Bifectahe
jven Iltem. The ordered list of this relative names starting from the root Item

Soure éaé elt\ﬁ%n?tem forms the full name to the Item. [0145] The holding

relationships form a directed acyclic graph (DAG). When a holding
relationship is @katedRieREPERMD &Igl@estipat a cycle is not created, thus
ensuring that the Item name space forms a DAG. E0146] While the holding

rdfetBship ESHRBALIRAIRNEHR WPERavaASENRE Wt B9l IRut Be Stesnents
operglional GansiEp RaRkRBERiPRAPRING R BB éarget ltem is

operationally independent from the Item that owns it through a holding
relationsRHaCHE0P Ryeecomikile ENWwiner dpkliago kebrdgnaehRetaanceal hisis
source %QWH&%W{H gladot affect the Item that is a target of the

same relationship - for example that is, backing up a Folder Item does not
autornaticaURc® aak i@ gt encpeents Ragheensliorinisneritics Athamedae thetyisef the
relations,tg@e%neme following is an example of a holding relationship:
<Relationship Name="FolderMembers" BaseType="Holding" > <Source
Name="FbRrisatnce @ Tipost BalddsFusiorally of Typedtenhihgot@epiared) and it must

ItemTypggéﬁ&ﬁg.&g Wé'm in the same data store as the relationship instance.

e For Holding and Embedding relationships, the target endpoint field must be of
type ItemIDReference and it must reference an Item in the same store asthe
relationship instance. For Reference relationships the target endpoint can be of
any ltemReference type and can reference Items in other storage platform data
stores.

e Optionally one or more fields of a scalar or PropertyBase type can be declared.
These fields may contain data associated with the relationship.

e Relationship instances are stored in a global relationships table.

e Every relationship instance is uniquely identified by the combination (source
ItemID, relationship ID). The relationship ID is unique within a given source
Iteml D for all relationships sourced in a given Item regardless of their type.

[0136] The source Item isthe owner of the relationship. While an Item designated as

owner controls the life time of the relationship, the relationship itself is separate from the Items it
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ReferenceType="ltemIDReference" /> </Relationship> [0148] The
FolderMembers relationship enables the concept of a Folder as a generic
collection of Items. €) Embedding Relationships [0149] Embedding
relationships model the concept of exclusive control of the lifetime of the
target Item. They enable the concept of compound Items. -41 [0150] The

creation of an embeddi ationship instance and the Item that it is , . ,
el O NS L 2 TR B o Rt g ssociated
with aateedding relationship. However, an Item can be a target of one and only

on bedding relationship. An_ltem that ig atarget of an embedding

Ao e P e R 00 67 3 RO Rl . [0154] The targer

erdRshatibrafepaNaméyPEmulsyineritc BeER phere Ruteperibd’ must reference an

Item in tkS@anceNkte-stBrapie/te HealiypshiCottnCerd0is2] The types of

the endpdlist ¢t Narapedifrapl aydtel retaliypestiattataGgznivatiogenerally be

enforced wReferancelsypect tefrilieRefaténoship is created. The types of the
endpoinkFrams tyaxanu)Stalt@atedigfer ttre sttatigaship is established.

[0153] Eptiéatdiiypetdaiesinps’ ¢ontrol the operational consistency of the

target erBpupattyAdamrzaliodlibe'opypatittheétseagdizing of an Iltem may

include speaiatinafiypesildteheanehibedding relationships that source from that

Item as wetasrbfiNdresit Qifpet'sT gpeyitieatoitge also copies all its

embeddptittemy. yjodbapEhenielléwing is an example declaration:

<RRetavrosisipdame="ArchiveMembers" BaseType="Embedding" > <Source

Name="Archive" ItemType="Zip.Archive" /> <Target Name="Member"

It e | ferencelype=" IDReference’ [> < t
e S P e o o
createdl drtiesPSigwR éetudtian's Tefpesritia: it ohegouptatfeferenppdedioat éxist. Also, if the
person Item is deleted, the relationship instances between the person and organization are
deleted. However, if the Organization Item is deleted, the relationship is not deleted and it is

dangling.

b) Holding Relationship

[0139] Holding relationships are used to model reference count based life-time
management of the target Items.

[0140] An Item can be a source endpoint for zero or more relationships to Items. An
Item that is not an embedded Item can be a target of in one or more holding relationships.

[0141] Thetarget endpoint reference type must be Iteml DReference and it must
reference an Item in the same store as the relationship instance.

[0142] Holding relationships enforce lifetime management of the target endpoint. The
creation of a holding relationship instance and the Item that it istargeting is an atomic operation.
Additional holding relationship instances can be created that are targeting the same Item. When
the last holding relationship instance with a given Item as target endpoint is deleted the target
Item is also deleted.
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</Relationship> d) Reference Relationships [0155] The reference
relationship does not control life time of the Item it references. Even more,
the reference relationships do not guarantee the existence of the target, nor
do they guarantee the type of the target as specified in the relationship
declaration. This means that the reference relationships can be dangling.

Alsq, f ti hi f ce | [ h t . .
AR e C R e E ]
genergihgbs effd et Avhexamipks apicesde the cel akdatshipsis preaethratiotyisethwef the endpoint
following: -42 <Relatiopship N ="D Author"
tems S30 1 e el S T BT R PR ument:
[t€0A T pe+18ldiey Pedationenifitpl syl aligst iddamin yoeri ytieoltem namespace. They
ltemT, ="B Author” Ref T =" IDRef "[> <P t
con A, B e e D e R e v
This rém:iee'hhmestem@m@faﬁahn@p@djngaetﬁm&ﬁﬁ)ﬁ sour¢BEfeioresgiven (& 7The
o 1A LB R RS TR akap et e

to theRefarence relationships are used to model most non-lifetime management

relationships hetween ltems. Since the existence of the target | t .
A R R A T A aS ALY, wihen anolaing
relati mesatoissiigsted the spfteamasusatioatshiydans bet osestiet thngenstemg thabtherdtem

nam %j res irﬂ?:ALaing stores on other computers. e) Rules and Constraints
he?o lowing additional rules and constraints apply for relationships:

APOté6h mivt lied e taolgin o f dekactii pooreralsdtelinfe tataioinkiie pdrget(bhaen,dt does
ot oA BB SIS O BT 050 B 04 B o2
operationally independent from the Item that owns it through a holding relationship. Copy,
Move, Backup and other operations on an Item that is a source of a holding relationship do not
affect the Item that is atarget of the same relationship — for example that is, backing up a Folder
Item does not automatically backup all the Items in the folder (targets of the FolderMember
relationship).

[0147] Thefollowing is an example of a holding relationship:

<Relationship Name="FolderMembers' BaseType="Holding” >
<Source Name="Folder" ItemType="Base.Folder"/>
<Target Name="Item" ItemType="Base.ltem"
ReferenceType="ItemI DReference" />
</Relationship>

[0148] The FolderMembers relationship enables the concept of a Folder as a generic

collection of Items.

C) Embedding Relationships

[0149] Embedding relationships model the concept of exclusive control of the lifetime
of the target Item. They enable the concept of compound Items.
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An Item that is a target of embedding relationship can not be source of
holding relationships. It can be a source of reference relationships. An Item
can not be a source of holding relationship if it is promoted from file. It can
be a source of embedding relationships and reference relationships. An Iltem
can that is promoted from a file can not be a target of an embedding

relationship. f) Ordering of Relationships [0160] In at least one embodiment
T b SR P A0 S TLRE . GG a8 CBHng Dt T
targetimaﬁ@nsinmmcﬁpemdenmnﬁanhmvbd dlsmumohal mnpe:rﬂmmmeﬁétﬂﬂ'rdgr in
relatlons definition. There js no un ness co |nt on
rlatiAg TR e S 9 SR OR G o B TR R A ship- An
[tem thrad ueasangug:imendmﬂdmy\rew rahshi pgcmantdmhttmgmes/mhﬂwb@ medaer@dshl p.
lati SW|th lower rder aIue an fore |onsh|p
h@éﬁ orL((Jr?(E:?1 st\enﬁpmfg{ ﬁ%ﬁ% S c%?] 5errt1ltléﬂ%terae g m&'ﬁ‘e
referededanli terdeén tnetsatiammya)ﬂdmas:tbmtermmnemmeemm RelatlonshlpID
Al tions msta ourced from iven It m rd red as a
si(wﬁggf]g%lollecfa 2¥Preg§r&)d aSe o g??ﬁ@?gll %r?sr%ps% afonwnl
generd his*.)hemfevceedguhearaeemkmaaif tlatateimgimp&m [of scopataal tfibe (yspgs,of the endpoint

Folder embe ord red ubset of he relationship collection for a
Items&e\\/nerr]]o %%ﬁEEe d&ta store IFQI §f§#8r m%ar?lpulatlng relationships

inﬁ@lé@]e nEmberﬂd)thpmanm’mmaaomdam apaetingab Coria tenshipstnEtarget

endoo RO TR e R S RS A AR PO R R h (e e
embedslithger st cakhijos i isipsoutbe fopdetiea tteﬂeaﬂwel\hmwrdet‘hmmw@tdmmyl ng an Iltem

' | i p in the collection with order value OrdX; RelPrev
also Clgiﬁe{gc@sﬁeé]tére a |o%ﬁ%ﬁ|%the collection to RelX with order value OrdPrev

st théhededxyvangli SRalBkaxnbeadetdaetiorelationship in the collection to
RelX W'tQFQéI%ﬁ H&#%N%%ueﬂc%%f\%ﬁ%é %Type:“Embedding” >

<Source Name="Archive" ItemType="Zip.Archive" />
<Target Name="Member" ItemType="Base.ltem "
ReferenceType="ItemlDReference" />

<Property Name="ZipSize" Type="the storage
platformTypes.bigint" />
<Property Name="SizeReduction" Type="the storage
platformTypes.float" />

</Relationship>

d) Reference Relationships

[0155] The reference relationship does not control life time of the Item it references.
Even more, the reference relationships do not guarantee the existence of the target, nor do they
guarantee the type of the target as specified in the relationship declaration. This means that the
reference relationships can be dangling. Also, the reference relationship can reference Itemsin
other data stores. Reference relationships can be thought of as a concept similar to links in web
pages.

[0156] An example of reference relationship declaration is the following:
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[0163] The operations include but are not limited to: InsertBeforeFirst(
SourceltemID, Relationship) inserts the relationship as the first relationship in
the collection. The value of the "Order" property of the new relationship may
be smaller then OrdFirst. InsertAfterLast( SourceltemlID, Relationship) inserts
the relationship as the last relationship in the collection. The value of the
"Order" pr. new relationshi bﬁ ater uﬁ? OrdLast
InsertAt( é!%ﬁﬂ@' 8? I§ d hﬁ\ﬁ ggg rébitio Flith the
specified value f efPRropert &t InsertBefore( SourceltemID ord,
Relationship) i | it oY the relg; L}ir“p ith the given
order value. The h-F %ﬁ? gﬁaue that is
between OrdPregr %r (A% SOUE?‘?“ miID, ord,

T
=

order value. The
between 6[% We}(lp non- |ncu MoveBefore( SourceltemID, ord,
Relatlons |p| PIROVES the relationship W|th given relationship ID before the
relationship with specified "Order" value. The relationship may be assigned a
N5 rdexhy adfier ¢hed typmimmw@mﬁ’ﬂwtalga endpoioh-iNetusenas that participate

oveAfteEgI celte I?elat onshlplD ) moves the relationship with
lons ¥e

inar Rr/grrl]ceerl% p'OIBJ\n e{%r}%lp with specified "Order" value. The

re{l@lh‘sﬁs]sh I@e‘aeentferalmgmmm arewsectier mahleb thest iscneifebianeondrsagement

el e e e S B RSB UL TR R
relatimshllmlemhwpnmm mmtetel Falsey- dougred ral aronshigsn €hes efetkrcp retatranship can

beuseg]\"c?‘?& ﬁ%%'%ﬁ%}g&;{gﬁ%&&% Tttt %er%bgn%ﬁ@' %%'é 3 £xisting

tween the ltem S1mp emen or Variols embodiments of the
present invention, a Relationship provides a directed binary relationship that

is "extended” b§)one IRWERABGE@RE)aints

[0159] Thefollowing additional rules and constraints apply for relationships:

e Anltem must be atarget of (exactly one embedding relationship) or (one or more
holding relationships). One exception is the root Item. An Item can be atarget of
zero or more reference relationships

e Anltemthat isatarget of embedding relationship can not be source of holding
relationships. It can be a source of reference relationships.

e Anltem can not be a source of holding relationship if it is promoted from file. It
can be a source of embedding relationships and reference relationships.

e Anltem canthat is promoted from afile can not be atarget of an embedding

relationship.

f) Ordering of Relationships

[0160] Inat least one embodiment, the storage platform of the present invention
supports ordering of relationships. The ordering is achieved through a property named “Order” in
the base relationship definition. There is no uniqueness constraint on the Order field. The order

-43-



to another Item (the target). A Relationship is owned by the source Item (the
Item that extended it), and thus the Relationship is removed if the source is
removed (e.g., the Relationship is deleted when the source Item is deleted).
Moreover, in certain instances, a Relationship may share ownership of
(co-own) the target Item, and such ownership might be reflected in the
IsOwned property, (or its equiyalent) of the Relationship (as shown in Fig, 7

of the T BRI B STOBo R By NGRS B A S TENRPA

guarahtéad/tiet] tRejatian Hei prdateaites akiationshipenwishe oefartock oraii@anthbefore

. target Item,, and deletion of cg a Relationship may decrement the

relatiq %@I%Sn\gé Qﬁ}%n%gtafbeﬁﬁ i For these specific embodiments, Items

cpotdlie to eplistifdheydnaye theetaronshipslntt besiefauthamaeny cadetiageon the

automatjcally dele if and when the.count reaches zero. Again, an Iltem
comb B TR R, R R BD e AT B RS R from
given toentlaee tistasdbe aasiothe chidzosoromegandiess thfe maeypb efsthigrefatiendtgra in the
-older, .Other actual implementations of Relationships are possibl
colled 1 A S S R B RE 0 B ermbers
are anfecEred[8UG6] Bfahardessrehgrustlectiprefoeatgition | @Relationship is a

S ble_ conpnection f object to . anaother, The ability for an ltem to
R T e AT S @ e O A R AR e S O
oper azos Wisk tupptneseideng Kt Feldevasizipd Thedgldesngreepubiceont imdvaee) tis help

determin the meanings given to the existence (or lack thereof) in an
eXplalﬂghgglggﬁagggﬁucture. These logical Relationships are the meanings

assignedbFar seisah&ktaticetatiopshi pe g ahel esderddotot Ecadmpterostdatiane

which agr?fﬁgi ically employed to achieve the functionality described herein.
Logical Relationships are established between the Item and its Item
Folder(sReiGsaitiegbe ¢ adl et \dnshife inahdecitnse conl @sianadthl eroeFedler OrdLast;
and Categories_are each a special type of Item. Consequently, Item Folders

A G AU SRR HE SIS WA A8 POt hopied

added toRRIPRE)Ad AMB5SRO e &TORSE B tReAlRSHIBE B, ReNH\GRHOH S/ At
without limitation and Item Folders and Categories can be serialized and

de-seriaf¥&r (R SERLE LhRD EX5B88¥ using the same mechanisms as for

other.ltewh@iprs ﬁ@é@&?ré%ﬁ@\%h | Hﬂ'ﬁ@%@ﬂ@ﬁﬁﬁﬂbﬂ@l%ﬂﬁﬂﬁéﬁﬂéﬂ value
format, and this format applies equally to Item Folders, Categories, and

Items.) [@I@W%’—ﬁﬂ‘ém%d Relationships, which represent the
rqledieg)shima 2bASINtamand Bries fieldal@: can logically extend from

the Item to the ltem Folder, from the Item

o InsertBeforeFirst( Sourceltemi D, Relationship ) insertsthe relationship as the first
relationship in the collection. The value of the “Order” property of the new
relationship may be smaller then OrdFirst.

e InsertAfterLast( Sourcelteml D, Relationship ) insertsthe relationship as the last
relationship in the collection. The value of the “Order” property of the new
relationship may be greater then OrdLast.

e InsertAt( Sourcelteml D, ord, Relationship ) inserts arelationship with the

specified value for the “Order” property.



Folder to the Item, or both. A Relationship that logically extends from an Item
to an Item Folder denotes that the Item Folder is public to that Item and
shares its membership information with that Iltem; conversely, the lack of a
logical Relationship from an Item to an Item Folder denotes that the Iltem
Folder is private to that Item and does not share its membership information

with that Item. Similarly, a Relationship that logjcally. extends from.an Jte

Foldét 1 B RAP AL LCH Gt e BLRD B SRS e pefore the
Foldeollr, wétarm;}srﬁ@aﬁ&akrﬁ@@b&h%ﬂ mﬁbhinefmrabl dherisaip rﬁajd?é @ﬁbﬁed
Item dengtes that the Item is private and non- sharable.. Consequently, when

an o FET A RSB S BB UHE Forms that are
sharad inretnrer Cotlicodl tarpDYord, Rel Heons$epones it terastiaidefsdfes the

other, sharable Items, it is the "public" Item Eolders that provide the Jtem with
informatiGtAHOGSRHR Y SHARGEC IR alk® Sl BRGBrer el RS D T J8 gS9daed

a block diggiam iisnan & aetliesh baided (@hiskxagoinyiglaslem itself), its
member Items, and the interconnecting Relationships between the Item

Folddr aNPHEBHRIRIh&AURERHEM e AtEnRAGHRISIRY A snq¥es R bERtignship with
plurality giiams=PeRsAB4Dand Seeheliertibatars WA Sreifidelaligashial9d 2rhe

from itself to Item 902 which denotes that the Item 902 is public and sharable
to Item FEIEHOSHE? MEYRAFEANTH Y Soslen nYelR L odh s ebweer fdirev and

Categorigg), pbHeRefuEN@ shown) that might access Item Folder 900.
However, there is no Relationship from Item 902 to the Item Folder 900

whictt déY|BYeaites: FRUHPR TP 8RS RERESIP R hraryes Hie saonshisnajid
its membpyehiruigiorEaion witk 'ﬂﬁ’éﬁé@&?@dﬁﬁfﬁj wﬂgbsg@dm@doﬂjﬂﬂéaaoau@o?ﬁe
er

have a Relationship 924 from itself to Item Fo which denotes that the
ltem FolERAGRFNAINEY 8 ATHINSFER MRV REHRh YRR &R PRINGERATE RhPrdNext,

904. HowgNghcihgig. is no Relationship from the Item Folder 900 to Item 904
which denotes that Item 904 is private and not sharable to Item Folder 900,

it RO A RERAOURY HRHIRRSTaRtPRny aRHBHS AR T oRBREr @ A ljsRusoiger. In

terms GPME &Nehshipyy ) éhatteroiuscrass diriatfopidep 9hth 4R Rertesiaith fiseveral
Relationships (or lack thereof) to Items 902 and 904, Item Folder 900 has a .

embogkehis AT 1SR RELANFHHARERIHOBIIRE RE PR eP BiERHRERPS
existifpbebRegntehéeranisolder 900, which together denote that Item 906 is public
and sharable to Item Folder 900, its members 902 and 904, and any other

1tePHF 1S PRl eriEd TBT YRIRYS ABPoRuMe T kL fe DR EVENRR. Bolder
RelatiBAGhi piciiabda ol realate ol ircriidieraparehas esendeembpisitintem (the source)

to an()itrﬂl@rrlr{]éﬂc()tr]ht\é\ltigrr‘glét mﬁ? OR%Iationship is owned by the source Item (the Item that extended
it), and thus the Relationship is removed if the source is removed (e.g., the Relationship is
deleted when the source Item is deleted). Moreover, in certain instances, a Relationship may
share ownership of (co-own) the target Item, and such ownership might be reflected in the
IsOwned property (or its equivalent) of the Relationship (as shown in Fig. 7 for the Relationship
property type). Inthese embodiments, creation of a new 1sOwned Relationship automatically
increments a reference count on the target Item, and deletion of such a Relationship may
decrement the reference count on the target Item. For these specific embodiments, Items
continue to exist if they have areference count greater than zero, and are automatically deleted if

and when the count reaches zero. Again, an Item Folder is an Item that has (or is capable of
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[0169] As previously discussed, the Items in an Item Folder do not need to
share a commonality because Item Folders are not "described." Categories,
on the other hand, are described by a commonality that is common to all of
its member Items. Consequently the membership of a Category is inherently
limited to Items having the described commonality and, in certain

._embodiments,. all [tems meeting the description of a Categary are .
naving] ot o R IR UPR [0 Tt o T R s e e areeoppestip of the
Item Fdlder tr@ibetyoruskingleesntaiiens ep Rl atitedHiystae possiilieershanticipated by the

ategaries, alloyw. membership based on the defined commonality. [0170] Of
presetal §§t€§t¥eog%$y'%es%?gﬁjgﬁ{spoaﬂ%'%&%q %%Eﬁrrg,nand therefore a Category
@66} ddedsydpdicdsyohiast laDindl eppmets otazoRetdt i ps s p isepssibeisbiancionection
values. For example,_.a lagical representatian for a Cate may be it
from Qe o T A T s B AR R eger, o
well adesarneen papdetEgdoethanGatbgbry trestAteasiFaEdetseanth€atégories are public or
. Categories membership may comprise ltems_havi roperty A Qut not
privat e B e R R L N T R TR o 1R ey oo
struct@eT Risasaegiogicet el st atehips afqitepedarengs dessgnidok hysehef IRglaibnships,
erator "QR" where the set of members described by the Category are
regar QR B i I S o VR A BT EO LR FleR e
functibnatiy clesCAD het 8O RL cgchl RO crlgnpsar drestobiisimeatioet)vean tisttée and its

e R RO 5 Y RS BT A e
are eaClategperies tyde stitead ) Coategoeitly Rédati Gnkirs andt Clstegontkstean e acted upon
e U SR TR S Ml e MRS S o
and soranersiior{o Witjdeigi rhias enbleok Hiemiaphdihssindite) ey @ eegarpéstiich zed and
oo R B AR R R s o
examd o0 iaé lasl henisersghitphaval msesfdteatondoanaiDend tnd foooe! apiledsenicdly to
ltem FAAESS Bprergaié}%ti ommon properties, values, or types 1008 as

em Sbgg% % I onalfii)[;'}rﬁ4

escrl omm escription 1008") by the Category 1000. Category
100BHhs dRekaiemehipnal Refebioniikiol, tohtehr geseniihshrdationsbi thibettitecn an

o L M DB G 1R RN A e
Folder to the Item, or both. A Relationship that logically extends from an Item to an Item Folder
denotes that the Item Folder is public to that Item and shares its membership information with
that Item; conversely, the lack of alogical Relationship from an Item to an Item Folder denotes
that the Item Folder is private to that Item and does not share its membership information with
that Item. Similarly, a Relationship that logically extends from an Item Folder to an Item
denotes that the Item is public and sharable to that Item Folder, whereas the lack of alogical
Relationship from the Item Folder to the Item denotes that the Item is private and non-sharable.
Consequently, when an Item Folder is exported to another system, it is the “public” Items that
are shared in the new context, and when an Item searches its Items Folders for other, sharable
Items, it isthe “public” Item Folders that provide the Item with information regarding sharable
Items that belong thereto.
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that might access Category 1000. However, there is no Relationship from the
Item 1002 to the Category 1000 which denotes that Category 1000 is private
to Item 1002 and does not share its membership information with Item 1002.
Item 1004, on the other hand, does have a Relationship 1024 from itself to
Category 1000 which denotes that the Category 1000 is public and shares

it bership infarmation with Item 1004. However, there is no Relationshi
DD D I S VR e R O e A B e
itself)jStprinertdbandens, stohtabiatéocOiaieg oy REGHoIshjibeetveehbed tEGORde and its
1006, and_any,other Categarjes, Item Folders, or ltems (not hat
memig e TR P e B e R BRI R R 0 o
[tem Ruiidieit00ash:d 8 Relati dridbih Dl &qonyits€O ol eenadte wtisistgncted thitahe itisaif 902
. 0 ltem,10 Item_1006 Relationship, 10 ck to Category 10
s pu AR SRRy e ST s T BORES chinad o0k adny ete CBicers,
Categdf6f) atd thens (ot rsHmeye) 10a2naigtt 4deds Hech &oidetiBO0C kegeviersthteais no
Folders, or ltem t shown) that mi a s Cate -48 1 and that .
Rela R T T S e R et e Flb e brivare
to Iterh@02. 404 dB¢SnoaBiiated taureenoasbow e oranati diewi thd icben ©62e treenB@lyen the
tems,,and ltems-may Relationship to.each er, eqares m
other B A O B SR R e el S i ettt the
[tem Feoldelt©0Gsi s pnlii e lanid Asdigs itsatiea@aste g onfesiridb on Mottid temedi  tetowever, there
, ecti in certajn alternativ, ' ts. However, in,vari N
s 10 O e L T o8 RO R S o K2 004 s privare
and nqiratalrtibe fattine Felcdwaod/ stfvtbee membiasO6? statrb06 vahdfeosnatbetdiam ol ders,

clos. | HOTEDR! _
cateofES S AT ORI i S R Ies 6 et
Relatigrapims (DrAak)thevesf) toyterast02 atid S0de fiteitdrol deh@08rbas @ Rebtidrsbip, 916

from B S R o R e T R whin
togethHeitifenete tbfasd:lmm%lﬁ I340pHs aasshdvell @ bmiten fraldeitRi0), Iitsww_ebeﬁa %@2 and
90, B e 7 L MR AT PR Folcer
900, andrihatritend=nksieEIohismuiyihesndthix esstsiezbaigspd sftienahiochaitis Herfop0o.
Ejgreig?g rssigglﬁéh‘%ﬁ‘ﬁo*?%&&ﬂ‘?ﬁéq R IRHVRAPFREIGNGS T FlEi 8 thare a

commonality because Item Folders are not “described.” Categories, on the other hand, are
described by a commonality that is common to al of its member Items. Consequently the
membership of a Category is inherently limited to Items having the described commonality and,
in certain embodiments, all I1tems meeting the description of a Category are automatically made
members of the Category. Thus, whereas Item Folders allow trivial type structuresto be
represented by their membership, Categories allow membership based on the defined
commonality.

[0170] Of course Category descriptions are logical in nature, and therefore a Category
may be described by any logical representation of types, properties, and/or values. For example,
alogical representation for a Category may be its membership to comprise Items have one of two

properties or both. If these described properties for the Category are “A” and “B”, then the
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"Element" types) defined in the initial set of schemas 340. [0175] Preferably,
extension of the initial set of Item and Nested Element types is constrained
as follows: an ISV is allowed to introduce new Item types, i.e. subtype
Base.ltem; an ISV is allowed to introduce new Nested Element types, i.e.
subtype Base.NestedElement; an ISV is allowed to introduce new
extensions, I.e. su%tg/%e Base eﬂElement' but ?)n ISV a%not ?bt e

Ceteof{iR ARURee R BR e sl e QB Pk £ KRR Eproperty
B but set of, stud digenpladfono ssthgmope 848 A Ghd @ . Siride lagi St mety pseatafiestf ¢roperties
: El t defined by the initjal set of st latf h t

s oo P R SOt AR oL O e rfgoory
are ltenstaviug pheptypeATOiSBs &@lowead ogtbadhepacids (@hdixdemswitkolXieitbanos

; ) ly ty inst but (a) th t exist ind dentl b
ANG R BB T B RO e gty oo
will badppessaigitby thesd dbslsthertize extensibility, Extensions are also intended

Lﬁfﬁrﬁsﬁthei?g}w&ia‘%ﬂ‘@ iR PSS Tl ORI FIAPACURED 06 CLokahfes

may not support multipfe inheritance or overlapping ypes,
(descramgnl) c Sabego i as R et iDxshns toriseass ant/Hpris Redibosrep ap Gagdypes essentially

instances (g.9. Document js a | do nt as well a secure dogu .ent%]
the ol o e Rl T e R B R AR, ST Bt e
preserdefimergian. abstract type named Base.Extension. This is a root type for the

hi ypfe sign t Applications ca e Base Extension t

o e R S B P R AR SIS e
itself)tlits Besdhechems axdfthminterconpesi N Redat! dBakipsibeteresiotiie Category and its

I ct=" "> <P N =" D" Type="
e e AR R385 1000, 000
all of which share some combination of common properties, values, or types 1008 as described
(commonality description 1008’) by the Category 1000. Category 1000 has a Relationship 1012
from itself to Item 1002 which denotes that the Item 1002 is public and sharable to Category

1000, its members 1004 and 1006, and any other Categories, Item Folders, or Items (not shown)
that might access Category 1000. However, there is no Relationship from the Item 1002 to the
Category 1000 which denotesthat Category 1000 is private to Item 1002 and does not share its
membership information with Item 1002. Item 1004, on the other hand, does have a
Relationship 1024 from itself to Category 1000 which denotes that the Category 1000 is public
and shares its membership information with Item 1004. However, there is no Relationship
extended from Category 1000 to the Item 1004 which denotes that Item 1004 is private and not
sharable to Category 1000, its other members 1002 and 1006, and any other Categories, Item
Folders, or Items (not shown) that might access Category 1000. In contrast to its Relationships
(or lack thereof) with Items 1002 and 1004, Category 1000 has a Relationship 1016 from itself to
Item 1006 and Item 1006 has a Relationship 1026 back to Category 1000, which altogether
denotesthat Item 1006 is public and sharable to Category 1000, its Item members 1002 and
1004, and any other Categories, Item Folders, or Items (not shown) that might access Category
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M u | ti Val u ed="false"/> <Property Name="Extension|D" Type="the storage
platformTypes.uniqueidentified" Nullable="false" MultiValued="false"/>
</Type> [0180] The ItemID field contains the ItemID of the item that the
extension is associated with. An Item with this ItemID must exist. The
extension can not be created if the item with the given ItemID does not exist.

Wh It is del all the. extensions with the same ltemID are .
1000, 0 o et e O S TSRS R e PR gicn em
1006.instance. [0181] The structure of an extension type is similar to that of an
it e: _.Extension types. have fields:. Fi an be . of primitive, or nest
R R B B e T o ST P T S T s
may Relibionshi peistretio nthen @y o rtemsio Rélgpesishixten iend-oRtensendesice versa, and
sources and targets of relationships.. Extension,t instances, can-npt exist
categ R R A R e R AR b TS A B e
respediipely in teet sito ettgenpl aidaembbgmedidi nHiomeVi@ 1 B8Y & lereaanbaninwens;tfsenis-older
on the f extensions that can,be assocjated with a, given ltem type.
struct e e e L o e ey A e B system
level, éxdemsdotainsiguoyeles r§\dutee Heoh feobdeitamnd, Chigane sindepessie r taliontosdicdtted
other in both structure anc hehavior. [0184] The extension. instances.ar. .
arapng L A B e A A g O R R AT BB whicn,
by matinenasioezd slielmifiomia die bel ahgeapsi oheoigyara i efitd gr aphsny loenei bao path starts

e t will return all the instances of a given type of extension
and er?c(%%f?ﬁ%ss o?ayv?\fnyg%)iype of item they are associated with. The storage

platform6APIs PEQ) j %A rogramming model that can store, retrieve and
modify extensions on items. [0185] The extension types can be type

syB1tye dhtRiREhHRGSIRIRSIPA SHHRERNSING!Be provided with an initial set of schemas
340, as described above. In addition, however, in at least some embodiments, the storage
platform allows customers, including independent software vendor (1SV's), to create new
schemas 344 (i.e. new Item and Nested Element types). This section addresses the mechanism
for creating such schemas by extending the Item types and Nested Element types (or smply
“Element” types) defined in the initial set of schemas 340.
[0175] Preferably, extension of the initial set of Item and Nested Element typesis
constrained as follows:
e anlSV isalowed to introduce new Item types, i.e. subtype Base.ltem;
e anlSV isalowed to introduce new Nested Element types, i.e. subtype
Base.NestedElement;
e anlSV isalowed to introduce new extensions, i.e. subtype Base.NestedElement;
but,
e an|SV cannot subtype any types (Item, Nested Element, or Extension types)
defined by the initial set of storage platform schemas 340.

[0176] Since an Item type or Nested Element type defined by the initial set of storage

platform schemas may not exactly match an 1SV application’s need, it is necessary to allow ISVs
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inheritance model. Deriving from an extension type creates a new extension
type. The structure or the behavior of an extension cannot override or
replace the structure or behaviors of the item type hierarchy. Similar to Item
types, Extension type instances can be directly accessed through the view
associated with the extension type. The ItemID of the extension indicates

hich it they belong to and can be used to retrieve the_correspondin
to cudpiRB R s TR R R S A TG &GS Al Y
typed tinet éqsesiiontt(s) theypcarnobapeirmiapeatieahsmtdiiby thé enGao i/ Miazhed to an Item
a IEE /Restore and other common operations that the storage platform
or Ne%gﬁ ‘gmﬁPfy operate on the extensions as part of the item. [0186] Consider
tHO1GIpwinpeddrinpke. AldCessiagithemesl fafischerim dveendibil dywsExXtgps @t are also
. <Type Name=z" Contact' BaseType='Base..ltem"> <Property. Name="Name"
e o e T e O e TR S B IgiggE Patform
may richddppest' ribdtiplgeheritddce $5 'oWrilkphlag Subeypéd Ldppliabliens-Cial st BExtensions as
</Type> [0187] A CRM application developer would like tq attach a CR
away g B T R D TR R G B S S (B BRI  secure
docuragpjication developer would define a CRM extension that would contain the
additional data structure that the application can manipulate. <Type

Name="CRM ensiq%g@mﬁ Base. Extension" > <Property
Name="CustomerID" Type="String" Nullable="false" Multi Val ued="false"/>

<fbYP8P To provide Item extensibility, the data model further defines an abstract type
named Base.Extension. This isaroot type for the hierarchy of extension types. Applications can
subtype Base.Extension to create specific extension types.
[0179] The Base.Extension type is defined in the Base schema as follows:

<Type Name="Base.Extension" IsAbstract="True">
<Propety Name="ltem|D"
Type="the storage platformTypes.uniqueidentified"
Nullable="false"
MultiValued="false"/>
<Property Name="ExtensionID"
Type="the storage platformTypes.uniqueidentified"
Nullable="false"
MultiValued="false"/>
</Type>

[0180] The ItemID field contains the ItemID of the item that the extension is associated
with. An Item with this ItemID must exist. The extension can not be created if the item with the
given ItemID does not exist. When the Item is deleted all the extensions with the same ItemID
are deleted. The tuple (ItemlD,Extensioni D) uniquely identifies an extension instance.

[0181] The structure of an extension type is similar to that of an item type:

e Extension types have fields;
e Fields can be of primitive or nested element types; and

e Extension types can be sub-typed.
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[0188] An HR application developer may want to also attach additional data
with the Contact. This data is independent from the CRM application data.
Again the application developer can create an extension <Type
Name="HRExtension" EBaseType=" Base. Extension" > <Property
Name="EmployeelD" Type="String" Nullable="false" Multi Val ued="false"/>

</ [Q18 RMExtension and HRExtension are two independent
eﬁ-{g&gggnﬁ‘ﬁﬂ’ﬁg 'hd r&ﬂﬁ%ﬁSHﬁé"@éan rc?)ﬂgﬂ%q Qﬁsare created and
accesseghingrperdanthoobesalr ciband [RGAE bf terwbeyEpsxample, the

fields and methods of the CRMExtension type cannot override fields or

methbds-of $He AIHRET RRPSFE A9 MBI DESREREB A TGRS Ak
CRMEXteReaingdiippeaRdpenalias hasiias irIa typesiAt SR EaaiatmRRL]

When the Contact item is retrieved, its item extensions are not automatically
retrievedIGBNEATE Contact item, its related item extensions can be accessed
by querying the global extension view for extensions with the same Itemid.
[0192] All CRMEXxtension extensions in the system can be accessed through
t

HO1BRM B RRER G FRE PR A¥RES O RILARIORShBY, 581 6R gsRecidied with a
given it&h gyfienaignertaridanypshae thegaositpmddy (tefheypeovitnexaninieighe

Contact item instance and the attached CRMExtension and HREXxtension
extengjQU AR BRCRRAS, FHACREHID 2041270 169y Ritd AIRBRHE tAMEGaRhoLT 8 fith
structSiedadibersitg differences between Item, Extension and NestedElement

tygﬁtsé: ltem vs Item Extension vs NestedElement Item Item Extension

N

HEIHE FRRFPNINEIZACES FR AR F0csIesraetheenasisly Boaythpitem. All
extendia§ite i péitrRdtee udRdtatieiffoMestobalexent snrashofatherfiei@nt query can be

composed that will return all the instances of a given type of extension regardless of what type of
item they are associated with. The storage platform APIs provides a programming model that can
store, retrieve and modify extensions on items.

[0185] The extension types can be type sub-typed using the storage platform single
inheritance model. Deriving from an extension type creates a new extension type. The structure
or the behavior of an extension cannot override or replace the structure or behaviors of the item
type hierarchy. Similar to Item types, Extension type instances can be directly accessed through
the view associated with the extension type. The Iteml D of the extension indicates which item
they belong to and can be used to retrieve the corresponding Item object from the global Item
view. The extensions are considered part of the item for the purposes of operational consistency.
The Copy/Move, Backup/Restore and other common operations that the storage platform defines
may operate on the extensions as part of the item.

[0186] Consider the following example. A Contact type is defined in the Windows
Type s&t.

<Type Name="Contact" BaseType="Base.ltem” >
<Property Name="Name"
Type="String"
Nullable="false"
MultiValued="false"/>
<Property Name="Address"
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Storage Item hierarchy is Item extension Stored with item stored in its own
hierarchy is stored tables in its own tables Query/Search Can query item Can
guery item Can generally be tables extension tables queried only within the
containing item context Query/Search Can search across Can search across
Can generally only scope all instances of an all instances of an search within
nested item type{terr; .g\)gt(%nsssipn type element type instances of a singe
(containing) item ,\ﬁ%p gtionship Can have No Relationships to No
Relationships to semaniss-fResationships to item extensions nested
elements items Association to Can be related to Can generally only Related
to"iteffVia items other items via be related via fields. Nested holding,
embedded extensions. The elements are part of and soft extension

sé&AlicS RN APRYSEHSHERIBORSSIMAAY HKBIAEE AR tdRY! applicatiomgiension
to thelRbRestes dinadNasirosdenemidrbas.[Fh84pplreteshileraepbipes @M a CRM

extended with the same mechanism as the Iltem types. Extensions of nested
extengiqr st wapld setaindhe addienal LR SHiveYrRLRah B RRRNGRAICH SRR RfaNtpY ate.

nesied rienaeTtrRyIBs§395 EbeyfeteBareastarfomes a root for nested

element t7paemaNdtElRysenterType Name=" Element' IsAbstract="True">
Type="String"
Nullable="false"
MultiValued="false"/>

</Type>. .

[0188] An HR application developer may want to also attach additional data with the
Contact. This data is independent from the CRM application data. Again the application
developer can create an extension

<Type Name="HRExtension" EBaseType="Base.Extension" >
<Property Name="EmployeelD"
Type="String"
Nullable="false"
MultiValued="false"/>

</Type>. .

[0189] CRMExtension and HREXxtension are two independent extensions that can be
attached to Contact items. They are created and accessed independently of each other.

[0190] Inthe above example, the fields and methods of the CRM Extension type cannot
override fields or methods of the Contact hierarchy. It should be noted that instances of the
CRMExtension type can be attached to Item types other than Contact.

[0191] When the Contact item is retrieved, its item extensions are not automatically
retrieved. Given a Contact item, its related item extensions can be accessed by querying the
global extension view for extensions with the same Itemld.

[0192] All CRMExtension extensions in the system can be accessed through the
CRMEXxtension type view, regardless of which item they belong to. All item extension of an item
share the same item id. In the above example, the Contact item instance and the attached
CRM Extension and HRExtension instances the same ItemiD.
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<Property Name="ElementID" Type="the storage

platformTypes.uniqueidentifier"

Nullable="false" Multi Val ued="false"/>

</Type> [0196] The NestedElement type inherits from this type. The
NestedElement element type additionally defines a field that is a multi-set of
Elements. <Type Name=" Nested Element' BaseType="Base. Element’

NHE= TR A

Name="

Mg

SR Rl

ase. E

&t %egﬂtltem’

Extensivte asibNestedEddiesainty fsesn item extensions in the following ways: Nested
element extensions are not extension types. They do not belong to the
extension type hierarchy that is rooted in the Base.Extension type. Nested
eleamentextensBxieasiostowr Ml edtatFatnetite other fields of the item and are

Aot nlnhﬁll\l arcaccihla

& ﬁllﬂv‘\l cah-hRoet ha r\nmr\nearl fl"\ﬁf rofrla\ln all
T

Query/Search

Query/Search

scope

Relationship

semantics

Association to

items

[tAAY @S other nesteq glaaers kehih Yol IRk
sets, the NestedElement extensmns are stored in a UDT They are
accessible through the Extensions field 6f thg #@Bted elemen®Ytypiersd. fgaed
collection interfaces used to access multi-valued properties ii¢R$8A4 of
accessing and iterating over set of type extensions. [0198] The following

stored in itsown
tables

Can query item
tables

Can search across
al instances of an

item type

Can have
Relationshipsto
items

Can be related to
other itemsvia
holding, embedded
and soft
Relationships

table summarizes and compares Item Extensions and Nest

SRFigisions. ltem exigRsiqasMhRSICdE|RERPBHEMRIIPIONS  Stored with item

hierarchy is stored
in its own tables
Can query item
extension tables

Can search across
al instances of an

item extension type

No Relationshipsto

item extensions

Can generally only
be related via
extensions. The
extension semantics
issimilar to
embedded item

dieléenrnt

Can generally be
queried only within
the containing item
context

Can generally only
search within nested
element type
instances of asinge
(containing) item
No Relationshipsto
nested elements

Related to item via
fields. Nested
elements are part of
theitem
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Item Extension NestedElement Extension Storage Item extension hierarchy
is Stored like nested elements stored in its own tables Query/Search Can
guery item extension Can generally only be tables queried within the
containing item context Query/Search Can search across all Can generally

IKE any Other mulll- on extension tables valued Tield of nested element,
normal nested element type APIs are used Behavior Can associate
behavior No behavior ereraiéé%d %E&ﬁtionshg) No Relationships to item No

Relationships t§) sem & ¥Hfent extensions Item 1D

S the item, | Does not have i n.Jjtem i i leme
S AR R O Rl QR B e BT & T e
types.raztaisites aboestedrebedamat S tresstior ath plehaecessbdwidhdaadse reedias smstbefields
iment, the database engine comprises a relational database
of nesgé%?ﬁ%}ﬁﬁﬁ rmplements the SQL query language, such as the Microsoft SQL
SHIEb|endinedatétimotiib defiriesianadt éxtenesieths|ehdst SypeonadeestEmpsattic
mapping<q%gg\|%@.@gggmhat the data store implements to the relational
store and prenidescipfprmeation on the logical APl consumed by storage
platform clientsPr@egoxdamectEisitierthie’ present embodiment. It is

understood, however, thEtrgiffefteiage platformTypes.uniqueidentifier”
Nullable="false"

MultiValued="false"/>

</Type>

[0196] The NestedElement type inherits from this type. The NestedElement element
type additionally defines afield that is a multi-set of Elements.

<Type Name="NestedElement" BaseType="Base.Element"
IsAbstract="True">
<Property Name="Extensions"
Type="Base.Element"
Nullable="false"
MultiValued="true"/>
</Type>

[0197] The NestedElement extensions are different from item extensions in the
following ways:

e Nested element extensions are not extension types. They do not belong to the
extension type hierarchy that is rooted in the Base.Extension type.

¢ Nested element extensions are stored along with the other fields of the item and
are not globally accessible — a query can not be composed that retrieves all
instances of a given extension type.

e These extensions are stored the same way as other nested elements (of the item)
are stored. Like other nested sets, the NestedElement extensions are stored in a
UDT. They are accessible through the Extensions field of the nested element type.



mapping may be employed when a different database engine is employed.
Indeed, in addition to implementing the storage platform conceptual data
model on a relational database engine, it can also be implemented on other
types of databases, e.g. object-oriented and XML databases. [0200] An
object-oriented (00) database system provides persistence and transactions

for progrgmming language objects (e.g. C++, Jgva). The storage platform
ot of £ RABE G A RS FOBEE LDt Ll HRBH Lpatamed Leed for
though expeeddgdinditersionsoveule: iavgpioekeritsier to Objects. Other
stor platform type concepts, like inheritance and nested element types,
I b R eyt B e S RagR Ay

N estedifizathnisepasiondject identity; hence, item identity can be mapped to object

identity. The item berﬁé%or 0 eratio@ ma% well to object methods.
Hm%‘ﬁigeﬁdﬁe %i@ ' ek organizational capabilities

agnd are poor In searchin@nfsachagst-oriented SyRi&ids AP E RIENEIR

folders, and extensionsyypuldnneasi9iagadded to the object data model. Ir]
addition, mechanisms like promotions, synchronization, notifications, and

Quenyipeargheed to FANHIBREYERTERKIRDSION] SirfiRlr 98n6HBYICHHEeReed
ystems, XML databasgg, based on XSD (XML S%I"u%ﬂ&l Radniier), supportl
g single-inheritance based type system. The item type system of the presen
imvention could be mapped to the XSD type modelCOX¥Y RdEEACABESFovide
eRprfachenaviors. £ £ias daidiep would eyrnbe Y GRIPRIBRNY
m be

ife aviors. XML databases deal with single XSD documents and lack

o §6@RLation and broadi BEARSRRARDLIRBs. As with/Ehife PeS A slaident type
databases, to support theydagganpee! described herinn QDS & ts like
relationships, and folders would need to be incorporated into such XML
databases; also, mechanisms like synchronizatior{ CAB{#¥&GdHEENd security

PHegrarthiadftimplerneRieseciabddeAgbin regaiddadhe éalowiB@ensions

bsections, a few illustrations are provided to facilitate the general

information disclosed: P38 PeFtR)QHANIDStratig bkeycaliteh multi-
echanism. Fig. 14 is 3 {iageagoiysirating an exagpl) inadithbaed
tlansactions are both inserting a new record into the same B-Tree. Fig. 15
illustrates a data change detection process. Fig. 16§06 Bsdashlary
directory tree. Fig. 17 shows an example in which ary@xisti)ge iRisl8 AL Bsed
directory-based file system is moved into the storaRI% %I&tform data store.

174

—4

Behavior Can associate behavior avior permitted (?)

Relationship No Relationshipsto item No Relationshipsto

semantics extensions NestedElement extensions

[tem ID Sharesthe itemid of the Does not have its own item
item id. NestedElement

extension is part of the

item
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1. Data Store Implementation Using UDTs [0203] In the present embodiment,
the relational database engine 314, which in one embodiment comprises the
Microsoft SQL Server engine, supports built-in scalar types. Built-in scalar
types are "native" and "simple". They are native in the sense that the user
cannot define their own types and they are simple in that they cannot

. User- defined t hereinafter: VDT

oTovide BALARARRERIHE axienaibilty above and beyond the natve.

o R R PR nene
preserirgyaloskoentHbeyistabgstengthatamplitesasesizpngdaiahgae bagirethqoogllements

i ) A _

the S S B S S D Ve e e
extenggne fénssenieomdgpatesheDmmiges tertidiagrieor tha thesisiestong paplements
to theﬁ%i%ﬁ%ﬁ‘%t&é%ﬁ&ﬁ&é@iﬂ%ﬁ?nﬁﬁﬁBR%ﬂ fRe iE&'ﬂﬁ%@rmﬂ%ﬁé platform

ritance. The root Extension type Is Base.Extension,
clients kieesiodappe wilhd hispresent eztepimed T s sLodersttads hawieder sthge gidifferent
data f S i _ . : N
e ey A i B R NI TR h Fition o
implefroaieditie P ale lfinssenespidsldrrmads! s Ardaprligebaseengiecoft can

ﬁﬂﬂ)‘f@ﬂ% GaRprapie utine. o T rdhedydee

also bgf a variatlt*?leeai!f%:i)i\Il'&i'tsrt‘%(el_t [ 20@{ The map;ﬁgq)%ﬁéégt%é@%@c%gﬁas to
U208k s A3 ebiraHgristiad (aeNda shasa R enaveVidrssrsifeace @id fensactions
Bé"f‘gﬂ - ' LR, %?mﬁ%) P ”

for PrS ma[F)ng i%@éﬁ%@%%%e%% éC{;R class inheréit%?r?g% Errr%@(?r@, ?@@o@aﬁﬁé ftem

maps WightféeranT (Pl ephd Atebies! -ariantedidraigep IHIRbIGh embededsrisategiess would have to
be addelFo Tt BEIY sorbde H%WS&%@, (ARERHBS AR RL8H element

Items to be globally searchable, he support in the relational database of

types tpleCpRaLARIESHBARSHIS: SEEHTE 6 ettignted istamEbiRtgalsnalready support
objectBERRE HBRIEMRARLERE) CHA BRI 1B BISLAIaaRRG. SFALS (UPUBaNRGI s

store all tems in a singletable with a column of type Base.ltem. Using type
(operaignsiitmaroiviel, lerhiedfraatgsissHowever, object-oriented systems typically lack
organizational capabilities and are poor in searching. Also, object-oriented systemsto do not
provide support for unstructured and semi-structured data. To support the complete storage
platform data model described herein, concepts like relationships, folders, and extensions would
need to be added to the object data model. In addition, mechanisms like promotions,
synchronization, notifications, and security would need to be implemented.

[0201] Similar to object-oriented systems, XML databases, based on XSD (XML
Schema Definition), support a single-inheritance based type system. The item type system of the
present invention could be mapped to the X SD type model. X SDs also do not provide support for
behaviors. The XSDs for items would have to be augmented with item behaviors. XML
databases deal with single XSD documents and lack organization and broad search capabilities.
As with object-oriented databases, to support the data model described herein, other concepts
like relationships, and folders would need to be incorporated into such XML databases; also,

mechanisms like synchronization, notifications and security would need to be implemented.
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could be stored, and searches could be filtered by Item type and sub-type
using Yukon's "is of (Type)" operator. [0208] However, due to concerns
about the overhead associated with such an approach, in the present
embodiment, the Items are divided by top-level type, such that Items of each
type "family" are stored in a separate table. Under this partitioning scheme, a

Wdiho DRl AT ORI R SRR S b e

facil it@pmet@leeetatanhﬁbtynamdemm amama/cﬂagrhmn Imwiathﬁgrﬂmttanmon

from Base.Jtem is reated. ec 0209] A,"shadpw. used to store
mecha o R R S T R T R Tt S 4 honn
insertimgenteinedchydtived thd atede Biethesxl Gfghﬁﬁslmagaqfﬂatﬂaanhﬁigemmwgbn process.

, ich all data chan re mad e famll tab es th lobal
Fio. e B R Bt IR 0 e St BOB LS SR et et esting
folderfofl ddredteny: odsect fi ITEIsgzstglnbahhtmedtatbtetladietmsagavigﬁMWn tlau:instd)tem
object stored in a type family table by exposing an ItemID and a TypelD. The
ItemID will gené&rally Sioicpiatpiemeifiatian tésmovlthdT the data store. The

elD may be mapped using metadata, which is not described here, to a
M{g@%méné%lﬁff@@ﬂb@m?@ﬁtﬁiﬁﬂﬁg‘mé%fﬁnﬁlﬁ@@bﬁ%lﬁ@gm Bdth W'ﬁ@ Inone

embotHBBHY BAPHRARO MITBRIOAPSILLISE R BB & X bafiihR SaBRHIRA Built-in

table and otherwise, a Getltem() function is prowded to retrieve an Item

scalar pesiaERditiYE|antls RERIL. (YT EoPIkdR R HIe seRRe st theusey KRIBOL define
their JWRIGHEUAY ARG IRISRINS SUEHHQIFIRE eritysiiufiie s BOHRIBR SHARLRE User-

against views built on the Item tables described above. Specifically, views

defmq%xp@@(laﬁéa@tﬁsr R RiRVigiee Bl S ap bR MR PLtAny B beyond
the ndfi bsgeawp?yg@waawwsﬂ%hﬁ& lisnsioBh&ashesiped, Y8 Hpeletingy complex,

sub-ty or ‘convenience, in addition to the UDT object, the views may

5”““%%’&8%9%%9?8?“% Y BHeSBbpR 1| @d@%mm@]m}amﬂw&% that a

built- ,;@gaarwpg gt QR apping [0211] Extensions are very similar to ltems
and haveé some of the same requirements. As another root type supporting

inffEdnck EeRiseIAHR A BTREEL O A Rr STRINd WERIO L AR RiaraiR ISt
scheM@@Pe?%ﬁbéW@@?F Biasush ﬂféh&a@a%ﬂ%ﬁﬁ/%rf@ntﬂdtwm are mapped

applied to Exten5|ons rather than a single table approach, Of course, in other
to UDdolsarmeeriving from'the Base.Item type.” Like Items, Extensions are also mapped to

UDT classes and make use of inheritance. The root Extension type is Base.Extension, from
which all Extension types are derived.

[0205] A UDT isaCLR class—it has state (i.e., datafields) and behavior (i.e.,
routines). UDTs are defined using any of the managed languages — C#, VB.NET, etc. UDT
methods and operators can be invoked in T-SQL against an instance of that type. A UDT can be:
the type of a column in arow, the type of a parameter of aroutinein T-SQL, or the type of a
variable in T-SQL

[0206] The mapping of storage platform schemasto UDT classesis fairly
straightforward at a high level. Generally, a storage platform Schema is mapped to aCLR
namespace. A storage platform Type is mapped to a CLR class. The CLR class inheritance
mirrors the storage platform Type inheritance, and a storage platform Property is mapped to a
CLR class property.
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single table approach could be used. In the present embodiment, an
Extension is associated with exactly one Item by ItemID, and contains an
ExtensionID that is unique in the context of the Item As with Items, a function
might be provided to retrieve an Extension given its identity, which consists
of an ItemID and ExtensionID pair. A View is created for each Extension type,
similar tq,the Item t views. 4. Nested Element Mapping [0212] Nested
ElementS are tibggﬁqeﬁo@éﬂgoe embedded in Items, Extensions,

O e LSS A RS 2 el S Bl bt im e
relatiahalydaiabsse efd heipiiesent erehasisnent ExtenkdoitaNCERaETpe Shlesttktiobiliiyicons
possit&Y 8&&%{&%%9%&@%@8%@&%@%%Fd}‘b%@%ée%%e 4l ltemsina

containers. In other w e are no tables in the system rectly

singledmile Wikktaresienon Nctee Basmidemty sk gatypersuhstirsahtitielientefiodttpes
il . . v the.
could?gesfgt'ga W%&Eﬁcﬁlﬁ&ﬁé‘fﬁtée@@% RQQ@&H&’%&&@%‘?@% ﬂ‘y& is of

ta model, 1.e., each Item, Extension an tionship, h unique
(Typey/atperd@ritem is uniquely identified by its Itemld. An Extension is uniquely

doniiind i | . DS M
RS | PORERERRSNS Kot B Rt ol WAL fFon spproach

in the gresrre rmbRdSK dhe Gemparrilidsied be Gip (el dyMrasAg w2 1wymipt each type

“fami ggl‘aFé%tﬁfr%éﬁ“r‘Pa' HAZHRIONG R &%ﬁ&%ﬁ%m@ SRLRENSAR R B ated for each

rived from the storage platform schema name. For example, the storage
Item typgioheriBagdlisshyfiamoResedigad TaaeRinhaalnerbelovethasesie #ased in the
approgrrYe ik RIRRASh %i?{?ﬁé@ﬁbﬁ'ﬁﬂtﬁiﬁﬁ? NS Bed WG] BRR) the first level
enerated names are prefixed by a qualifier to eliminate naming conflicts.

of inheyikieedppropasadieani skieainHsg aldracter (1) is used as a separator for

eRGH089ICRI- BAIRL e Bsel Yo @hie &ﬁii%@’d?lg:&ﬂ%ﬁ JReamHIE properties for al

convention used for objects in the data store. Each schema element (Item,

ltems xR §abi: RayaRmehitrtied Dydhe, ipdate axehgdairihaslaiaeepabariaifihg
throu%%ﬁ)ﬁ‘?éﬁiarl‘ YRSeHaReSERs riﬁbﬂlénEﬁﬁi K& the (AR SHAITG- 1 DNEHINAS Al Item table

Decoration Description Example _
contains only the top-level scalar properties of the Item, not the full UDT Item object. The

global Item table allows navigation to the Item object stored in atype family table by exposing
an ItemlD and a TypelD. The ItemID will generally uniquely identify the Item within the data
store. The TypelD may be mapped using metadata, which is not described here, to atype name
and the view containing the Item. Since finding an Item by its ItemlD may be a common
operation, both in the context of the global Item table and otherwise, a Getltem() function is
provided to retrieve an Item object given an Item’s ItemID.

[0210] For convenient access and to hide implementation details to the extent possible,
al queries of Items might be against views built on the Item tables described above.
Specifically, views may be created for each Item type against the appropriate type family table.
These type views may select all Items of the associated type, including sub-types. For
convenience, in addition to the UDT object, the views may expose columns for all of the top-
level fields of that type, including inherited fields.
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Master Item Master!ltem Provides a [System.Storage]. Search View
summary of items [Master!ltem] in the current item domain. Typed Item
ltemType Provides all [AcmeCorp.Doc]. search view property data
[OfficeDoc] from item and any parent type(s). Master Master! Extension
Provides a [System.Storage]. Extension summary of all [Master! Extension]
Search View extensions ip the current item domain. Typed

Extensiorilexte b%‘ﬂ%bpé?&%& all [AcmeCorp.Doc]. extension property

d ian!Sti . i i | .

R e e R ot S B e SO R SR Rroments
As anfithes oot ReglatsoppdiiNov kher relaek frstigns pnsasecsuipiat e manjoaidhe same
coms R P S AP i i

appli @&Mm%ﬁmwﬂm@@ﬁeem- [A?fm@m&ﬁ.m@r emqui ments, a
S ngle%%@%ﬁﬁ%ﬁ@r‘?d%?d"ﬂ@&%?‘ Wiﬁglﬁ%&?éﬁ%&ﬁl ARFS SN 19 S8QER g with

n Naming
exactly one Item by ItemI D, and contains an ExtensionI D that is unique in the context of the

Item. Aswith Items, afunction might be provided to retrieve an Extension given its identity,
which consists of an ItemID and ExtensionID pair. A View is created for each Extension type,
similar to the Item type views.

4. Nested Element M apping

[0212] Nested Elements are types that can be embedded in Items, Extensions,
Relationships, or other Nested Elements to form deeply nested structures. Like Items and
Extensions, Nested Elements are implemented as UDT’s, but they are stored within an Items and
Extensions. Therefore, Nested Elements have no storage mapping beyond that of their Item and
Extension containers. In other words, there are no tables in the system which directly store
instances of NestedElement types, and there are no views dedicated specifically to Nested

Elements.

5. Object Identity

[0213] Each entity in the data model, i.e., each Item, Extension and Relationship, has a
unique key value. AnlItemisuniquely identified by itsItemld. An Extension isuniquely
identified by a composite key of (Itemld, Extensionld). A Relationship isidentified by a
composite key (Itemld, Relationshipld). Itemid, Extensionld and Relationshipld are GUID

values.
6. SQL Object Naming

[0214] All objects crested in the data store can be stored in a SQL schema name
derived from the storage platform schema name. For example, the storage platform Base

schema (often called “Base”) may produce types in the “[System.Storage]” SQL schema such as
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[0215] When mapping any object model into a store, the possibility of naming
collisions occur due to additional information stored along with an application
object. In order -60 to avoid naming collisions, all non-type specific columns
(columns which do not map directly to a named Property in a type
declaration) is be prefixed with an underscore () character. In the present
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latform) is accessible by thén tanced &0OL vie
iew- name>]. For example,

efireddesa storage

deriedomaimed "B

pieyesm Schnageh
Iy\geseratesl}y the

w [<schema- hame>].
ookSales" in the

Typesthema
searchAesneP
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"Aemaiblisher.Books™ wd
ublisher.Books].[View!Boo

1 on a per-view basis (definfrdrhytem anditiayy

o rlesagssible
Pedpeity inae the

LEghiEonpibec] .

qapiidgeog]at of a view
query provided by the

party defining the view), the columngareitdiypetly. mapped based on the

Masteehema vievadlefimiamd 08 18] All SQcvedesh views in [BesaioTSper ajglform

Extedétmstore use the following orderingsgonventidrifor colwmser LEgiaadi okgy"

SearcioMian (5) of view result such as Itesiterisieantide Relationship&d, ...

Metadata information on type of resutusgphiesnl ypeld, Change tracking
columns|such as Create Version, Updai@iviersion, ... |Type specific

Typeeblumn(s) ERrersohesandiendgplarePrgprlesiaipe specifiaonmTaifmuly.

extend@s) also contain an object columnprdpetyretteisr | [Extension! StickyNote]

search view extension.

Master M aster!Relationship Provides a [System.Storage].

Relationship summary of all [Master!Relationship]

View relationshipsin
the current item
domain.

Relationship | Relationship!relationship | Providesall data | [AcmeCorp.Doc].

view Name associated witha | [Relationship! AuthorsFrom
given relationship | Document]

View View!viewName Provides the [AcmeCorp.Doc].
columns/types [View!DocumentTitles)
based on the
schema view
definition.

7. Column Naming
[0215] When mapping any object model into a store, the possibility of naming

collisions occur dueto additional information stored along with an application object.
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the object -61 [0219] Members of each type family are searchable using a
series of Item views, with there being one view per Item type in the data
store. Fig. 28 is a diagram illustrating the concept of an Item search view. a)
Item [0220] Each Item search view contains a row for each instance of an
Item of the specific type or its subtypes. For example, the view for Document

o S e A AR R o o
a nama8 Rybpbigsie altyoe Wibﬁ)evs @aﬂéliEatWiiuhsmmmmc@gmawmrml nthe
e R P SR PR SR 2
identifieoyidgperone Eatthman pesrdenaypd oreperiy betaaem@L Rand thesiatib sarid el |

t fthe It d | col ich dto. ' h
propel{BShe SRS MR BT G R L (P Ru: e R e e

capitaiveddatst sharectsing the name "[System. Storage]. [Master!item] ". Column
Type Description Itemld Itemld The storage platform identity of the Item
_Typeld &ypeldSeaeiT\eldsof the Item - identifies the exact type of the Iltem
and can be used to retrieve information on the type using a Metadata

cAtRHy. RYsMe ARINEeViigdP the s aserpistfipsifon aipaindatrsptermint. A
SQL i ispniatietRiteBmah g ERmBnsaialpk. - Flrkel aR8eEqsrtibed to support

information change tracking> <Item props> n/a One column per ltem type
RelatiGRSBERyEDY AR GRHRSB e 10S M2t £obH 6k ¥/BeS8 Hadetlying tables
in the SEGHE: HigMoriafe alahlR the4aahArae Y B thanged using the Update()
method of the storage platform API, as described more fully below.

[0217] Each view explicitly defined in a storage platform schema (defined by the
schema designer, and not automeatically generated by the storage platform) is accessible by the
named SQL view [<schema-name>].[View!<view-name>]. For example, aview named
“BookSales’ in the schema “ AcmePublisher.Books’ would be accessible using the name
“[AcmePublisher.Books].[View!BookSales]”.  Since the output format of aview is customon a
per-view basis (defined by an arbitrary query provided by the party defining the view), the
columns are directly mapped based on the schema view definition.

[0218] All SQL search views in the storage platform data store use the following
ordering convention for columns:

e Logical “key” column (s) of view result such as Itemld, Elementid,
Relationshipld, ...

e Metadatainformation on type of result such as Typeld.

e Change tracking columns such as CreateVersion, UpdateVersion, ...

e Type specific column(s) (Properties of the declared type)

e Type specific views (family views) also contain an object column which returns
the object
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view also provides access to the Item object via the "_Item" column. Each

typed item search -62 view is identified in a data store using the name

[schemaName]. [itemTypeName]. For example [AcmeCorp.Doc].

[OfficeDoc]. Column Type Description Itemld Itemld The storage platform

identity of the Item <type change .. Type change tracking information

tracking> <parent props> <property One colu er parent pro . :

SR R LS e e LR S R i witr
there bghey spevitierpide e@ltRotyivetlof daransokdr Slhjels 1y agf dedlaustiaiagthe)concept
of an Eem Ext n%&ons [0223] All Item Extensions in a WinFS Store are also

acceEgie ugﬁ'g search views. (1) Master Extension Search View [0224]

Each instance of a data store defines a special Extension view called the

Master Extens®n Viell@This view provides summary information on each
Extension in the data store. The view has a column per Extension property,

a[8sifhn FAGEH ER-aapes i (GpRI AINS Y dektehsish HisiPaes et andéamidhe
specifEIFSE A 4SRRI O\EP SRARIE, HROHER ARDBAIRRIRNIBAIPRINNSBHESs of

The master extension view is identified in a data store using the name
Documestistetaal BRrament md ReVEMRASHIAG™. CEIMRIH G SY ripBAHPMefYS can be
conceli®Aidebng steaeitaifaion identity of the Item with which this extension is

associated Extensionld Extensionld Id of this extension instance (GUID)

Typeld Typeld The Typgld offhetfexieasiGrardentitigs the exact type of the
extension and can be used to retrieve information on the extension using the

Mézfidta Each instance of a storage platform data store defines a special Item view called
the Master Item View. Thisview provides summary information on each Item in the data store.

The view provides one column per Item type property, a column which described the type of the
Item and several columns which are used to provide change tracking and synchronization
information. The master item view isidentified in a data store using the name
“[System.Storage].[Master!Item]”.

Column Type Description
Itemld Itemld The storage platform identity of the Item
_Typeld Typeld The Typeld of the Item - identifies the exact type of

the Item and can be used to retrieve information on
the type using a Metadata catalog.

_Rootltemid | Itemid The Itemld of the first non-embedded ancestor that
controls the lifetime of this item.

<global Global change tracking information
change

tracking>

<ltem props> | na One column per Item type property

(2)  Typed Item Search Views

[0222] Each Item type also has a search view. While similar to the root Item view, this
view also provides access to the Item object viathe “_Item” column. Each typed item search
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catalog. -63 <global change .. Global change tracking information tracking>
<ext properties> <property One column per Extension type property
specific> (2) Typed Extension Search Views [0225] Each Extension type also
has a search view. While similar to the master extension view, this view also
provides access to the Item object via the _Extension column. Each typed

v GETE

R S e SRR A BB For el

[ AcméSonpelbajo]. OffdeDoxension! OfficeDocExt]. Column Type Description Itemid
Itemld The storage platform identity of the Item with which this extension is

accneiat

viancionld Evtanci

ad
SSOCIIAEt—145

Coﬁf

Qﬂé change ..

MTOoOTUTITO LATCTTOT

%e change tra %rlﬁ’l%?&atlon tracking> <parent

nlrl Irl n'F fhl
AR th

oaviancioninstanece /f‘l IIF\\
IS-extenstonHnstance (o )

tra&l sged Elem

CLR object - type o
ents [0226] All nest

Iterpdoperty Oneltshichn per parenfrmmsterbgemmmwspdﬂnf@mfebie pr@ps>
pr column-per-execlysive prop togé.”‘i.r? type specifie Extension
X ?”&e of CL] ject - fd%%%?‘% enS|o Efc{ensmn instance c)

ed elements are stored within ltems,

<paERE MRS of
querying the

appedpidate Item, B

Reflapetships inst@mesolasispeh panest sro@csessed by
xtension, or Relationship search view.

<item props>

<property
specific>

One column per exclusive property of this type

“Item

CLR type of Item

CLR object —type of declared Item

[0223]

[0224]

b)

D)

Item Extensions
All Item Extensions in a WinFS Store are also accessible using search views.
M aster Extension Search View

Each instance of a data store defines a special Extension view called the Master

Extension View. This view provides summary information on each Extension in the data store.

The view has a column per Extension property, a column which describes the type of the

Extension and several columns which are used to provide change tracking and synchronization

information. The master extension view is identified in a data store using the name
“[System.Storage].[Master! Extension]”.

Column Type Description

[temid [temld The storage platform identity of the Iltem with which
this extension is associated

Extensionid Extensionid Id of this extension instance

(GUID)

_Typeld Typeld The Typeld of the Extension - identifies the exact
type of the extension and can be used to retrieve
information on the extension using the Metadata
catalog.
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-64 d) Relationships [0227] As discussed above, Relationships form the
fundamental unit of linking between Items in a storage platform data store.
(1) Master Relationship Search View [0228] Each data store provides a
Master Relationship View. This view provides information on all relationship
instances in the data store. The master relationship view is identified in a

data ctore vsina the name "ISvucta Q'I-nrnnn'l IMactarlRealationshin]" ("nlnrnq

<%@”'””.pt.m"r'{éﬁ%TJi}'emﬁ e AT
|

tr lonshipld Relationshipld The |d of the relatlonshlp instance (GUID)

<extRebdperadsRelatpnsbenyypeld The RelTypeld of the Relatignshi ntlfles
the type of the relkpigoifighip instanc qﬁ tﬁm”ﬁ%tgé&?‘és‘%ﬂiYgg <81P§5

change——Globalechange-trackingthformation—tracking

TargetltemReference ItemReference Identity of target endpoint _Relationship
Relationship Instance of the Relationship object for this instance (2)
Relationship Instance @barct YREA SR PE FERIEEHRYSRelationship also
has a search view which returns all instances of thmartlcular relationshi ﬁ%

WHitimFEFRRHENH QS RPRAROMSHAAED, iR vidlNHRS "Btehadees
extengOhNTER, for oAt RIS Brovikthe celaionsiEHatnj dcaofatelatiBResdnB@naAm.

search view is identified in a data store usm%nge name

Each puoerd LS PR CTVISHE IR fiEn 4h A RErHP B HR BR A slame

[scher{ﬁNm?@ @xm@om@lmmp@qmenm@@hp@lumn Type Description
temld Item|d Identl ource endpoint (Itemld) -65
[Acme(% rﬂ %f? ?

orp.Doc].[Extensio ceDocExt

Column Type Description

[temid [temid The storage platform identity of the Item with
which this extension is associated

Extensionld Extensionld Id of this extension instance

(GUID)

<typechange | ... Type change tracking information

tracking>

<parent <property One column per parent property

props> specific>

<ext props> | <property

specifics One column per exclusive property of this type

_Extension CLR type of CLR object —type of declared Extension
Extension
instance

C) Nested Elements

[0226] All nested elements are stored within Items, Extensions or Relationships
instances. As such, they are accessed by querying the appropriate Item, Extension, or
Relationship search view.
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Relationshipld Relationshipld The id of the relationship instance (GUID)
<type change .. Type change tracking information tracking>
TargetltemReference ItemReference Identity of target endpoint <source
name> Itemld Named property of source endpoint identity (alias for Iltemid)
<target name> ItemReference or Named property of target endpoint identity

derived class (eggas aﬂ%t%st for TargetltemReference) <rel property>
<property One colum H%%HP@ of the relationship specific> definition

onshin. ¢ i . o _ o
R S e B P T LR g botween
Items daeastoorgeetfoun-dalySr@rder to create a new instance of a data model
element (item, extension or relationship), or to update an existing instance,
the ProcessOperation(d) ProbéesepBstatansh nshadh ofigve storage
platform API must be used. The ProcessOperation method is a single stored

prIEELIr=RER HPSIPER OIS B M SRR R I B MW o gAY StYEFW ipraYides
infornigiaioaRIRRaNdRshi Peisasth e sesers UndaiegiamamRhafioviaw is

_ _stored procedure which takes an ordered set of operations, known as an
Identifygd 0@ JARFOURHERG B CaEy [RYESAN oy e dibretRseciendinled.

[0231] The operation format is extensible and provides various operations

cvighthe schema ejerygats. Some comnEEsgRSIRKONS Include: 1. Item

e dding or holding€®tionship) b. UbAERLiA RYEaEIRA BELEAY Rem)

R&l &igladiopihip operaipasonshipld The id of the relationship instance

(GUID)

_RelTypeld RelationshipTypeld | The RelTypeld of the Relationship - identifies
the type of the relationship instance using the
Metadata catalog.

<global change Global change tracking information.

tracking>

TargetltemReference | ItemReference | dentity of target endpoint

_Relationship Relationship Instance of the Relationship object for this
instance

(2 Relationship Instance Search Views

[0229] Each declared Relationship also has a search view which returns all instances of
the particular relationship. While similar to the master relationship view, thisview also
provides named columns for each property of the relationship data. Each relationship instance
search view isidentified in a data store using the name
[schemaName].[Relationship!relationshipName]. For example
[AcmeCorp.Doc].[Relationship! DocumentAuthor].

Column Type Description

Itemld Itemld I dentify of source endpoint (Itemld)
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a. CreateRelationship (creates an instance of a reference or holding
relationship) b. UpdateRelationship (updates a relationship instance) -66 c.
DeleteRelationship (removes a relationship instances) 3. Extension
operations: a. CreateExtension (adds an extension to an existing Item) b.
UpdateExtension (updates an existing extension) c. DeleteExtension (deletes
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Item View "[System

LFREARSHCUMent ItéMnaypobisrapeilpsipdiyraftie nelakesnship
. Pesitige].[Master! leghilitiand typed Item search view

ARIPBEgeNt (1) Change Tracking im “Master* Search
'S [V O ASHAI fTOrMatg i G- MASIS! SRR BMStionship
provides information;pg stfag creation and update versions of an element,
information on which sync partner created the element, which sync partner

ﬁ\ggﬂﬁﬁg{ Docu
~Views [0235] Chan

last updated the element and the version numbers from each partner for
creation and update. Partners in sync relationships (described below) are
identified, by priﬁtn r key. A single UDT object named _ChangeTrackinglnfo
of type %yste : &tgﬁe.Store].ChangeTrackingInfo contains all this

INfesmtioR \RENERS 1568 Petform data store are read-only.  In order to create a
new instance of a data model element (item, extension or relationship), or to update an existing
instance, the ProcessOperation or ProcessUpdategram methods of the storage platform APl must
beused. The ProcessOperation method is a single stored procedure defined by the data store
which consumes an “operation” that details an action to be performed. The ProcessUpdategram
method is a stored procedure which takes an ordered set of operations, known as an
“updategram”, which collectively detail a set of actions to be performed..

[0231]

schema elements.  Some common operations include:

The operation format is extensible and provides various operations over the

1. Item operations:
a. Createltem (Creates a new item in the context of an embedding or holding
relationship)
b. Updateltem (updates an existing Item)
2. Relationship operations:
a. CreateRelationship (creates an instance of areference or holding relationship)
b. UpdateRelationship (updates arelationship instance)
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-67 the System.Storage schema. _ChangeTrackinglnfo is available in all
global search views for Item, Extension and Relationship. The type definition
of ChangeTrackinglnfo is: <Type Name="ChangeTrackingInfo"
BaseType="Base.NestedElement"> <FieldProperty
Name="CreationLocalTS" Type="Sg1Types.Sglint64" Nullable="False" />

<FieldPropert me="CreatingPartnerKey" Type="SqlTypes.Sglint32"
ullablec AR oo PRy R e e g R S
TgpeEXtegddiypper @64 Nullable="False" /> <FieldProperty
Name="LastU eLocalTS" Type="SglTypes.Sglint64" Nullable="False" />
<Fie|dPr%p§Ft§%§ﬁg§ga @%%%%ﬁa%{ﬂg&ea?%%@l gITypes.Sglint32"
Nullableb! Rajsizt dextdrisi oiPiumiztis anxést hastiepsian)ng PartnerTS"
8jtelble:"Falsc—:-" r/}g </Type> These properties

Type="SglTypes.Sqlint64" N

contain tﬁﬁcﬁ%sﬁnn ePr?fSantda?r gs@o%%sﬂe cription CreationLocalTS

Creation,time s | i CreatingPartnerKey PartnerKey

of the palrmr w@gagr%/aﬂ(? ?ﬁ@%gmﬁﬁty was locally created, this is

edech! PRERBHSRALFH B pdRelaoRas BT LR LBeBIPRe R A26cienss
~atwhich this entity was “created at theqﬁértner corresponding to o _
discussed apigraiinBelowy:. |HYR seeienIrsexires po ot inestHin shabae Sigekide ¢nfer mation
exposﬁ@ﬁ VRdals dae at the local machine LastUpdatingPartnerkey PartnerKey of

the partner who last updated this entity. If the last update to the entity was

done .
a) Change Tracking

[0233] Each search view provided by the data store contains columns used to provide
change tracking information; the columns are common across all Item, Extension and
Relationship views. Storage platform Schema Views, defined explicitly by schema designers,
do not automatically provide change tracking information — such information is provided
indirectly through the search views on which the view itself is built.

[0234] For each element in the data store, change tracking information is available from
two places — the “master” element view and the “typed” element view. For example, change
tracking information on the AcmeCorp.Document.Document Item type is available from the
Master Item View “[System.Storage].[Master!Item]” and typed Item search view
[AcmeCorp.Document].[ Document].

(1) Change Trackingin “Master” Search Views

[0235] Change tracking information in the master search views provides information on
the creation and update versions of an element, information on which sync partner created the
element, which sync partner last updated the element and the version numbers from each partner
for creation and update. Partnersin sync relationships (described below) are identified by
partner key. A single UDT object named _ChangeTrackinglnfo of type
[System.Storage.Store].ChangeTrackingl nfo contains all this information. The type is defined in

-67-



locally, this is the local machine's PartnerKey. LastUpdatingPartnerTS
Timestamp of the time at which this entity was updated at the partner
corresponding to LastUpdatingPartnerKey. (2) Change Tracking in "Typed"
Search Views [0236] In addition to providing the same information as the
global search view, each typed search view provides additional information

recordin the nc state of e tm the sync topol oumn
the S AP G A tGH P LA LA o for
Item, EREKiSIgh mmglg@hmlgéidmﬁéajeimdwuitleangéTaagehmmﬁersmm
Description of version numbers of the change units within the particular
Slemgnt ElementSyncMetadata ElemenisynsMetadata Additional,
versio-ngependent.metadata about i tem th hat;is. only Gt iptereshto.the -
Synemonizasioseruntime. _VersionSyncMetadata VersionSyncMetadata
mammoﬁawecmemem@ammmms version that is only of
e E‘g&?ﬁ%e% amléﬁ?ﬁl%atlon runﬁ%blﬁgﬁ%‘m%@tﬁﬁes [0237] The data store
guides I0hGana Tnforiation Tor letms, Extensions and Relationships.
gé@ vm&@md@paﬁemlﬂmgbout both live and tombstoned
engittesqltemss exteénsionrs and relatiohskips) iraneeplace. The item and
é&%éh@%??@éﬁ?dsﬂ%ﬂﬁ@wé@%t@@d%%FWG@%@@SS to the corresponding
picel WHIEIE it hin jombstitie Vol nioMEES Ao o 16, 1uecer
] tm%hlfp;gm%ot (the re atlonshlp object Is NULL'in the Case of a
< /toyabstoned relationship).

These properties contain the following information:

Column Description
_CresationLocalTS Creation time stamp by the local machine
_CreatingPartnerKey PartnerKey of the partner who created this entity.

If the entity was locally created, thisis the local
machine’s PartnerK ey.

_CreatingPartnerTS Timestamp of the time at which this entity was
created at the partner corresponding to
_CresatingPartnerKey.

_LastUpdateloca TS Local timestamp corresponding to the update time
at the local machine

_LastUpdatingPartnerKey | PartnerKey of the partner who last updated this
entity. If the last update to the entity was done
locally, thisisthe local machine’s PartnerKey.

_LastUpdatingPartnerTS | Timestamp of the time at which this entity was
updated at the partner corresponding to
_LastUpdatingPartnerKey.

(2 Change Tracking in “Typed” Search Views

[0236] Inaddition to providing the same information as the global search view, each
typed search view provides additional information recording the sync state of each element in the

sync topology.
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(1) Item Tombstones [0238] Item tombstones are retrieved from the system
via the view [System. Storage]. [Tombstone!ltem]. Column Type Description
Itemld Itemld Identity of the Iltem _TypelD Typeld Type of the Item <Item

properties> ..

Properties defined for all items Rootltemld Itemld Itemld of the

first non-embedding item which contains this item. ChangeTrackinginfo CLR
instance of Change tracking information for this item -69 type

naaTrackinalnfo-l
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_VersionSyncMetadata | VersionSyncMetadata Additional version-specific
metadata about this version that
isonly of interest to the
Synchronization runtime

b) Tombstones

[0237] The data store provides tombstone information for Items, Extensions and

Relationships. The tombstone views provide information about both live and tombstoned entities
(items, extensions and relationships) in one place. The item and extension tombstone views do
not provide access to the corresponding object, while the relationship tombstone view provides
access to the relationship object (the relationship object is NULL in the case of atombstoned
relationship).

Item Tombstones

(1)
[0238] Item tombstones are retrieved from the system viathe view

[System.Storage].[ Tombstone! Item].

Column Type Description

Itemld Itemld Identity of the Item

_TypelD Typeld Type of the Item

<ltem properties> Properties defined for all items

_Rootltemid [temid Itemid of the first non-embedding item
which contains this item.

_ChangeTrackinglnfo | CLR instance of Change tracking information for this item
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IsDeleted BIT This is a flag that is O for live items, and 1 for tombstoned
extensions. DeletionWallclock UTCDATETIME The UTC wall clock date time
according to the partner which deleted the extension. It is NULL if the
extension is live. (3) Relationships Tombstone [0240] Relationship
tombstones are retrieved from the system via the view [System- Storage].

[To hci‘nnnanl:\hnnchln'l Dnlnf nnc-hunc tnmbhstona |nfnrmnhnn i cimilarto

I_IUIIIU-JLUII\.; UIMLIUHIQ T CTratrortoriTge U TootOTC T imTorniadaort 1o qllllllul (a v

that provided for Ex ns H%#é agdditional information is provided on
the target ItemRef of W{E fr?stance. In addition, the relationship

_Odipmbttisialso selectemlﬂ:olumn Type Descrintona {T4y tteanld Otéomlivslivatity afid 1
the Item which owned the relationship (idéofcitwnbs;&iaeiﬂ)nehig source

andnaint alatinane

_:D]e pe?BW@pePo&r etjggctfrg reFJEons%lp ?ﬁ g{?rlfrzvc mgﬁ géggrl n ac%rf:gg °
of Change tracklngpanformatlon for this ty JRI quon 1[I08 rac'kmgln
IsDeleted BIT This is a flag that is O for liye ms and e%r% ef)stoned

extensions. DeletionWallclock UTCDATETIME The UTC wall clock date time

according to the part 5Wh'E%[%ﬂclf§B%dﬁBﬁ16%l%H ship. It is NULL if the
ship

relationship is live. atlon LR instance of a This is the relationship

obggzebfor %@%&%@&f&'éﬁ@f&h&eﬂ froh¥he- 45 mBRHG RS iew

relationships. Tar éetltemReference ItemReference ldentity of target endpoint

[SystemSenagsibhrmbrang]pxtension]. Extension change tracking information is similar to
that provided for Items with the addition of the Extensionld property.
Column Type Description
[temid [temid [ dentity of the Item which owns the
Extension
Extensionld Extensionld Extension Id of the Extension
_TypelD Typeld Type of the extension
_ChangeTrackinglnfo | CLR instance of Change tracking information for this
type extension
ChangeTrackingl nfo
_IsDeleted BIT Thisisaflag that isO for live items, and 1
for tombstoned extensions.
_DeletionWallclock | UTCDATETIME The UTC wall clock date time according to
the partner which deleted the extension. It is
NULL if the extension is live.

3 Relationships Tombstone

[0240] Relationship tombstones are retrieved from the system viathe view
[System.Storage].[ Tombstone! Relationship]. Relationships tombstone information is similar to
that provided for Extensions. However, additional information is provided on the target ItemRef
of the relationship instance. In addition, the relationship object is also selected.

Column Type Description
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[0241] In order to prevent unbounded growth of tombstone information, the
data store provides a tombstone cleanup task. This task determines when
tombstone information may be discarded. The task computes a bound on the
local create / update version and then truncates the tombstone information
by discarding all earlier tombstone versions 11 Helper APIs and Functions
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TargetltemReference | ItemReference | dentity of target endpoint
4) Tombstone Cleanup

[0241]
provides atombstone cleanup task. Thistask determines when tombstone information may be

In order to prevent unbounded growth of tombstone information, the data store

discarded. Thetask computes a bound on the local create / update version and then truncates

the tombstone information by discarding all earlier tombstone versions.
11.  Heper APIsand Functions

[0242]
are supplied to aid common operations over the data model.

The Base mapping also provides a number of helper functions. These functions

a) Function [System.Storage].Getltem

Returns an Item object given an Itemid
1
Item Getltem (ltemld Itemld)

b) Function [System.Storage] .GetExtension

/I Returns an extension object given an Itemld and Extensionld
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FROM [System. Storage]. [Item] i INNER JOIN [Meta].[Type] m ON i._Typeld
= m.ltemld WHERE i.ltemld = @Itemld G. SECURITY [0246] In general, all
securable objects arrange their access rights using the access mask format
shown in the Fig. 26. In this format, the low-order 16 bits are for
object-specific access rights, the next 7 bits are for standard access rights,
p which apply to most types of objects, and the 4 high-order bits are used to
ExtensHPEHEIRASHS @erfeRdiANIEIRALRARNERRIGS Hpe can map -72 to a set of
standard and object-specific rights. The ACCESS SYSTEM SECURITY bit
corresponds to the right to access the object's SACL. [0247] In the access
mask structure @f Fig. R@)dtéon Epestiiv. SipreostcGsikkedtionse pObject
Specific Rights section (low order 16-bits). Because in the present
Z Ret“é’?ﬁﬂBdﬁﬁWr{'ﬁé)bﬁE}r%fé@“@'&ﬁ@ﬂW BUHBERUFHRELs of APIs to administer
Relat AN BERIMR ARG IR R AAIRIL ARl i ligfystem object specific
rights must be conS|dered in order to motivate the design of the storage
platform gbject Si rlghts [0248] The security model for the storage
platform of the ’E?’o Fhvention is fully described in the related applications
YRS PR SRRRNGBRYN IR i LIS h & [0S frdbrca (e
and c) depicts a new Idéntically protected security reglon eing carved out of
type chandigstiricl cailitynegigiadaicaccordance with one embodiment of a security
model. H. NOTIFICATIONS AND CHANGE TRACKING [0249] According to
another aspectgf the graga W1eealiaR, the storage platform provides a
notifications capability that allows applications to track data changes. This
fefaryg] is Jutaradiydtrdandesistor aabplitetins sdrehsimaiateis vb latie (siode feom the
ﬁ%} ecute business logic on data change events. Applications register for
fidtions on items, item extensions and item relationships. Notifications
are delivered asynchronously after data changes have been committed.
Applications mdy filterl netéficatidresasiaitem, extension and relationship type
as well as type of operation. [0250] According to one embodiment, the

SUSFAR) pIHIRAPREPR BT AN S RARISIBPTHE AHBRK R RG0S | tem and
finds ﬁ%%xt@ﬁﬁlﬁ?é%@%cf&%ﬁ%ﬁ%ﬁ%&ﬂ'edﬁf&?ﬁéﬂ%ﬁlﬁﬂt%f%f&%@m ication can

s to items, item extensions and item relatlonshlﬁs Second,
queryé%gg&ﬂw@@g@y to return the type of the Item and use this value to query the

Meta. Type view to return information on the declared type of the Item. For example,

Meta

/I Return metadata Item object for given Item instance

I

SELECT m._ltem AS metadatalnfoObj

FROM [System.Storage].[Iltem] i INNER JOIN [Meta].[Type] m ONi._Typeld = m.ltemlid
WHERE i.ltemld = @ItemId

G. SECURITY

[0246] Ingeneral, all securable objects arrange their access rights using the access
mask format shown in the Fig. 26. Inthisformat, the low-order 16 bits are for object-specific
access rights, the next 7 bits are for standard access rights, which apply to most types of objects,
and the 4 high-order bits are used to specify generic access rights that each object type can map

-72 -



"watcher" objects to monitor sets of items, item extensions and relationships
between items. The state of a watcher object can be saved and re-created
after a system failure or after a system has gone off-line for an extended
period of time. A single notification may reflect multiple updates. [0251]
Additional details regarding this functionality can be found in the related

0 s I o LR e Sk b SRR b1

corradpmﬂﬁtmthﬁ@ﬂmg&:&aﬁwnbjmbmﬁas:a synchronization service 330 that
@i sm le instanc fthe stqr at orm h with its ow
R e e TR R M T AR
Ob;j ecttﬁpscland?(ghweecd en (elowrﬁraletrm&tbme)f@&tnrﬂaaamwmembmﬂmhe the
tore of the tor f sent in h WI
sora B R T B Ay T oot o2t *Sfege
pl atfopiamﬂlmhetsteagxerplatf}mhspwémngmmmsbbeumadm@| A @d&tpa)rfnotlvate the

i ting re cas. F [ ex with reference to Fig. 3, it may be
desigry@ de{sttﬁaeze t(ﬁg"pr‘%KP e S syn ?1C |za grt' ettween the data store 302 of the

si@24f} platiesecGO witilefothbe sareage mamrmmarmammemaonmtmty

.anoth |nsa of the stora latfor ﬁf srunn diff rent
descr B A =B R SRR P FERSBR LD R0 IS egara, g

27 (patsoayb, tandro) dgiviers mpmmacmm:l@d Igtmamtmi Jeapuy Itng‘mrebempdma@d:aut of an
evisi QGG FR9BH S, BISPEAET (e COl ANy DEiRE R,

n'is as ma INg every rep fita awars of an es
made by other replicas. This synchronization capability is |nherently

mHltl mMaSisT| %RHB"@H%\W&@""HQR' ﬂ\lg]e present invention

aIIows repﬁscaglgfc@E bermlne which changes another replica is aware of

851 INALEBRHAR APGREARIRS: bR SSPHFAVENNBh AN SPigeh

information about Changes that the other repllca IS not aware of; etermlne

providgharmedceHang eanarsl iy SoRbowRREASHiIAe!o tppydaeshgosERCElly feature s
data change events. Applications reglster for notifications on items, item extensions and item
relationships. Notifications are delivered asynchronously after data changes have been
committed. Applications may filter notifications by item, extension and relationship type as well
as type of operation.

[0250] According to one embodiment, the storage platform API 322 provides two kinds
of interfaces for notifications. First, applications register for simple data change events triggered
by changes to items, item extensions and item relationships. Second, applications create
“watcher” objects to monitor sets of items, item extensions and relationships between items. The
state of awatcher object can be saved and re-created after a system failure or after a system has
gone off-line for an extended period of time. A single notification may reflect multiple updates.

[0251] Additional details regarding this functionality can be found in the related

applications incorporated by reference earlier herein.
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1. Storage Platform-to-Storage Platform Synchronization [0256] The primary
application of the synchronization service 330 of the storage platform of the
present invention is to synchronize multiple instances of the storage platform
(each with its own data store). The synchronization service operates at the

level of the storage -74 platform schemas (rather than the underlying tables

f the d ' Thus, f le,"S " d to defi
cnohromiNaH BUALE A R8Ced below [0257] The aynchronization semice
R o B I R e ttorm

provimw_mﬁlz_artiiaat EureRreicedde th@ éh aumsg muftﬁptﬁ@@mi@fn&]qﬁi@gagﬂ@imform
(each @E&E%ngﬁ%ﬁﬁggﬁ)ﬁ%@e Oe‘?&tﬂgeﬁtﬁ&ﬂ &ﬂ%ﬂl%&é&#&lﬂ@&%@l&%e set

not in general respect trarisaction

of rulgspand Giijerovides Rsy bk Uit tigf ehnigbisaeiestragenedranizs: thigedplassie of the

storag%ﬁgl%tézégﬁg é?‘attﬁgsl‘fﬁ‘@frﬁr ﬁﬁ@?ﬁb‘?ﬂmifﬂ %ﬁﬂ%%ﬂ&&%%%ﬁ&h ﬁﬁmtﬁémi etary

other replicas atomically --- one may show up
protogstiser. The exception to this principle is that if two changes are made to the

S eny SaGi :

o i PR P L O G o] H0ftt o
ParticipstisteptgasnitooPreeBlm kb ME aRsee rVitte 34) S diedesrabtsnioyacide
synchfoAEtRBARBUC At08S A5l DD AN SBHQJR PRI EARNREFIR N Shother remote data

synchronization service and initiate a sync operation. Such an application

store 338 \adey Hhesommieohaf anaherd ntaeedtdssioirgesyiatioroniRathons (sesisgran a
differ@CERBAIANY,RYRD aﬂﬁ@f&%ipnmwﬂﬁmrﬁ%%&m%wmmmn to any

~Applications (SCAB). [0260] When synchronizing two storage platform
givenjigpligrasaryy By es itieted on one side by an SCA. That SCA informs the

loGResy NCHY PRt PELREAIESH MY HY CRAFE X HRIRRNERMRIS F&‘@Bﬁéur@éi‘wﬂ%? The

other side, the synchronization service is awoken by the messages sent

procegq efsymehrenizatiemiseleficed @ makinerfyieraiieg! isranme at es pornashasea by
other REbRGSPETHRISPhCARHIZABH BRI WhERSR I NRRIRITgRERS!IoW) present on

the destination’'machine. The synchronization service can be run on

SEAZZRlc STOESHENIEAIDRERRbIIIV AL tee FESRRS! iRueapR RHSNVEdSBHCaS (O
service iplemRBRgCRerRFRRE IR IRPRERERERGA J0261] To enable

synchronization, two steps need to be taken. First, the schema
. request information about changes that this replicais not aware of;

. convey information about changes that the other replicais not aware of;
. determine when two changes are in conflict with each other;
. apply changes locally;

. convey conflict resolutions to other replicas to ensure convergence; and
. resolve the conflicts based on specified policies for conflict resolutions.
1 Storage Platfor m-to-Storage Platform Synchronization

[0256] The primary application of the synchronization service 330 of the storage
platform of the present invention is to synchronize multiple instances of the storage platform
(each with its own data store). The synchronization service operates at the level of the storage
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designer must annotate the storage platform schema with appropriate sync
semantics (designating Change Units as described below). Second,
synchronization must be properly configured on all of the machines having
an instance of the storage platform that is to participate in the
synchronization (as described below). -75 b) Schema annotation [0262] A

et U e ML R 1 A Ay ARy O

examphe ‘SBoopgs’ [t iased td?dnflereesynﬂhangaﬂdnlsethasﬁymhmimtm serwce

T R R e S R v
than rpmminagan&msmlhgimmndwmmmmemuhmmabrmwmﬁ the
wire. When a chan ade |n Hi a Cha it thyt-:'gentlre
e

the
synch[j) ‘tz?%g ?ﬁger}s Fe%? a%sus nc t|on %}\%nsgoesn the
rwltknbmwmwmbmeﬁaeg\glerwmmgﬁmnged Second it determines the

g rity_pf conflict de ction. When fwo oneurre nt changes (these ter
e S R A B L B R B

edin e same change
I n othanvwotfas, $§/mbmmesmmieeoamageqﬂﬂmmmmemmmmengletransectlon,
there %onrbcurregrt] ch &%[[:‘ec a%d&tgré:llffe ﬁa[actha?ln&f] units,. (t:hen no. c fllg_t |sne ma
Fised andtt‘ﬁee changes are Gtormane y merge eLI!ﬁan atssaftrong dffects Y

show tlpamthowm@bmﬂtaTdma)dcepm@ymmwm pMusthaf itheveyohehgesiastionde to the

seme B e e O R s A BT K B ol o

other rep]icessitiomdicall yh eTiight hede aoéfthd-ambisieneg st sthiet heygycichoonzzaioon service.
service allows schema designers to participate in the process. [0265] In one

embodiment, th syncly ARiERfRE-EHY (6 HEFC AT SHARPR oRAdB Nt

that are larger than an élement. However, it’does support the ability for

S<Eb259§i dﬁﬁﬁﬁﬁpﬁﬁﬁtléﬁ%ﬁwmﬁﬂé@ﬁcﬁmﬁﬁm@@l@m initiate a sync
name#:lqﬁrouplnf; multiple attributes of an element into a separate Change

OperaliHlt ahRE R MiLER B4R bR ReFRBELR A BeRtISAS BRI HHT%%E‘&QW”'M'O”

(see sﬁr{yﬂ%ﬂNé'ﬂS@wﬁp @Eﬁfaﬂﬂtcdﬂ@l@ éf@f@@ﬂrestd\H@QW%S%b&ntrol ling
Extendsﬁg e=" Base. Item" ExtendsVersion="1 "> <Field Name=" Meetlng

Applicgipns( ="the storage platformTypes.uniqueidentifier Nullable="False"/>
[0260] When synchronizing two storage platform instances, sync is initiated on one

side by an SCA. That SCA informs the local synchronization service to synchronize with the
remote partner. On the other side, the synchronization service is awoken by the messages sent
by the synchronization service from the originating machine. It responds based on the persistent
configuration information (see mappings below) present on the destination machine. The
synchronization service can be run on schedule or in response to events. In these cases, the
synchronization service implementing the schedule becomes the SCA.

[0261] To enable synchronization, two steps need to be taken. First, the schema
designer must annotate the storage platform schema with appropriate sync semantics
(designating Change Units as described below). Second, synchronization must be properly
configured on all of the machines having an instance of the storage platform that is to participate
in the synchronization (as described below).
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<Field Name="0OrganizerName" Type="the storage
platformTypes.nvarchar(512)" Nullable="False"/> <Field
Name="OrganizerEmail" Type="the storage platformTypes.nvarchar(512)"
TypeMajorVersion="1" MultiValued= 'True"/> <ChangeUnit
Name="CU_Status"> <Field Name="Meeting Status"/> </ChangeUnit>
<ChangeUnit me— Organlz r'/> <Field Name="OrganizerName" />
-76 <F|eld Na g%ﬁ%ﬁi?ﬂg‘? % Q/ChangeUnlt> </Type> c) Sync

CREloArop AR AR R85 EIRURIRBRIR LB 88Re Uni
eir in ﬁ Fe

certain parts O ync are eferred to as a sync community.
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orm the ey are synchronizi In a peer-to-peer
or diddgwrchaogetssoe pratat siyfisy peers to maintain transformatlon mappings for

i e Mg R Rt e T Sl
daermemb@mgfwtwyb@m@tmnmmswm@wmm warﬂm\Mne;n m@nﬁn@essar@de inside
aChaﬁ%ﬁQ%R“Lﬁ@&Wé*blL%@@bm' kﬁeﬁt;bo %Sﬁﬁ&'?é&f%%dﬁlﬁfc@@r@?Wdeufzéﬂﬁn

ants to keep My Doc ment IS several computers int sync, Joe

servicgehes it soawnuhieh radaf chaddiasag, Unbeserochaneests Speeinr, dndetesgines the
granul%?ﬁ"y%i‘%rrﬂf?& @&EHF?SWH&?RHH‘&)H%WQ%%%qg HB&!ERIns are defined in detail

JoesDocuments folder and the local My Docume Ider From this point

in subseRUeREPRdiRNS) BcnAIe S HiRBHPEIBRNGRtHNEALAESHShrOTSEALOR FENe AREASES 2
confl |9l°%‘r'\rﬂ%15?n@ PAAS RPCHRER éﬁéﬂ%&%@rﬂgﬂg BWfEPéﬂsc%ﬁe"l‘ﬁﬁNs hen no

Joe's computers understand each other without having to know who the

conflighefa saandABECHAERHTAK) FbMBALIEHyEEae’ (YL fraHeadly iéestrioe amount
of mef2044! ;p@@%em IG\iiRE SRenBI)FRIPOIFALRSH SBAYIEE SRR KR Der-

steps: (1) definin
Change Unit; thus, maklng Change Units smaller increases the overhead of sync.

[0264] Defining Change Units requires finding the right trade-offs. For that reason, the
synchronization service allows schema designers to participate in the process.

[0265] 1none embodiment, the synchronization service does not support Change Units
that are larger than an element. However, it does support the ability for schema designersto
specify smaller change units than an element --- namely, grouping multiple attributes of an
element into a separate Change Unit. Inthat embodiment, this is accomplished using the
following syntax:

<Type Name="Appointment" MajorVersion="1" MinorVersion="0" ExtendsType="Base.ltem"
ExtendsVersion="1">

<Field Name="MeetingStatus" Type="the storage platformTypes.uniqueidentifier Nullable="False"/>

<Field Name="OrganizerName" Type="the storage platformTypes.nvarchar(512)" Nullable="False"/>

<Field Name="0OrganizerEmail* Type="the storage platformTypes.nvarchar(512)"
TypeMajorVersion="1" MultiValued="True"/>

<ChangeUnit Name="CU_Status™>
<Field Name="MeetingStatus”/>
</ChangeUnit>

<ChangeUnit Name="CU_Organizer”/>
<Field Name="OrganizerName” />
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mappings between local folders and community folders; (2) defining sync
profiles that determine what gets synchronized (e.g. whom to sync with and
which subsets should be sent and which received); and (3) defining the
schedules on which different sync profiles should run, or running them
manually. (1) Community Folder - Mappings [0270] Community Folder

man J'R%%%Leét%‘?d X.II\/I,_>_configuration files on individual machines.

</C|lf.o% JUR@apping has the %ﬂowmg schema: /mappings/communityFolder -77
... This element names the community folder that this mapping is for. The name
follows the syntax rules of Folders. /mappings/localFolder This element
<ITypfames the local folder that the mapping transforms into. The name follows
the syntax rules of Folders. The folder must already exist for the mapping to

be valid. The i}%ms W%;H}t:tel ﬁé@rﬁgﬁ% considered for synchronization per

this mapping. /mappings/trans ations This element defines how to

tregrsie] M NQJrsup S SBRGOPTARHLINABISh /1958 Hetdcnarh ARk f their data

absent or empty, no transformations are performed. In particular, this means

In syngalied6AShie #hasyes ComaddRighYatlenne RS AlBRAIBINABAYNYREL (o Stay

in syneafies df Aot AEBssAM PR BHNEHARSTQAA A eRHTAMIESaMESHHamBtHer words, sync
requests that newly generated local IDs be assigned to all of the items

partngrsApRLH dRstArtRd ¥ S EICRERREA Rlan reusing community IDs. The
Sy ARUN AP 1FIBEdReHA T AR RN FACHRAVRIT Hamsa b A RaA tRaiormation

/mappinas/tranﬁormations/localRoot This element requests that all root items

MepPIRGREO LB RH ALY RBIERS Bel Askeae AR HERNEP vt R e kes the approach of
definififapRReRiAy ol dais elrrasmha@ityols Haderai B PaalibRQHEY FESTHass a
ypOthaCal et 1108 thet 31 dormmunity rembers e Synchromaing wih.

[0268] This notion is best illustrated by an example. If Joe wants to keep My
Documents folders of his several computersin sync, Joe defines a community folder called, say,
JoesDocuments. Then, on every computer, Joe configures a mapping between the hypothetical
JoesDocuments folder and the local My Documents folder. From this point on, when Joe's
computers synchronize with each other, they talk in terms of documents in JoesDocuments,
rather than their local items. Thisway, all Joe's computers understand each other without having
to know who the others are — the Community Folder becomes the lingua franca of the sync
community.

[0269] Configuring the synchronization service consists of three steps: (1) defining
mappings between local folders and community folders; (2) defining sync profiles that determine
what gets synchronized (e.g. whom to sync with and which subsets should be sent and which
received); and (3) defining the schedules on which different sync profiles should run, or running

them manually.
(1) Community Folder - Mappings

[0270] Community Folder mappings are stored as XML configuration files on
individual machines. Each mapping has the following schema:

/mappings/communityFol der
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/mappings/runAs/sender The presence of this element indicates that the
sender of messages to this mapping must be impersonated, and requests
processed under his credentials. (2) Profiles [0271] A Sync Profile is a total
set of parameters needed to kick off synchronization. It is supplied by an
SCA to the Sync Runtime to initiate sync. Sync profiles for storage platform-
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(2 Profiles

[0271] A Sync Profileisatotal set of parameters needed to kick off synchronization. It
is supplied by an SCA to the Sync Runtime to initiate sync. Sync profiles for storage platform-
to-storage platform synchronization contain the following information:

e Local Folder, to serve as the source and destination for changes;

¢ Remote Folder name to synchronize with - this Folder must be published from the
remote partner by way of a mapping as defined above;

e Direction - the synchronization service supports send-only, receive-only, and
send-receive sync;

e Local Filter -- selects what local information to send to the remote partner.
Expressed as a the storage platform query over the local folder;

e Remote Filter — selects what remote information to retrieve from the remote
partner - expressed as a storage platform query over the community folder;
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respond to sync requests initiated by the remote side. (3) Schedules [0273] In
one embodiment, the synchronization service does not provide its own
scheduling infrastructure. Instead, it relies on another component to peform
this task - the Windows Scheduler available with the Microsoft Windows
operating system. The synchronization service includes a command-line

utility that acts as an SCA and triggers,_ synchronization based on a sync _
orofit SOUBER STEUENRE 7T oIS SN L R PR A LGP B Ptk ormet
Windeows Sedpediilatyo-rup&ynesipniaaianedizpgesreehaddl e-of iRd esnerse

to events such as user logon or logoff. d) Conflict Handling [0274] Conflict

handling™ AR S e R i 2R A &NE RAVIIER RIS SRRl Sngippint

conflict qpigeiashandirbreRsuEsEHTANgARPSJisaliallimadthis step
determines if a change can be safely applied; (2) automatic conflict

resoltitichARATISTY B RHG ris SEp s pRatictsshr ik (eiaeesd.
the confliggipdieieatpshaitamaisstoadlicty asoiMess @i GeRpetadI VRS tdhmict

conflict can be resolved - if not, the conflict can be optionally logged; and (3)

conflict iFEPREIIR Ushdar¥siLadihe AoRiGaRAIARNEEFLBHE conflicts
hage7bpe T IRugpehaitizageH SRkt BRo0fded IR EAOEIXRA tRe AN A IRRES Efple

- atthis time, logged conflicts can be resolved and removed from the log. (1)
buildipg, YIS &ERtiER (TR EERFERAISRRR sréatiperiimand fiRe S Mdh iU Rt sasy Storage

(oftensRbYi§e iSRS ReW &feCORElisiS o Quriasiaelased the@torage platform where
constraint-based. (a) Knowledge-based conflicts [0276] A knowledge-based
Sbrrene

all the pyofilasste stors ORI LRI HE ARFRTIS AR R SROR U agH: ever

persisiiitpitgelbtaithdiwieeeh RTaeacatR ¢ Ao dNderangsiihd (o aytaie syade Mitlpnd
_ knowledge of each other --- in other words, the version of the first is not
inforree} i e TP AR BB URRBPLE <L MR GUARLE Ui in orcer to

respoY 05 ByRDIZjiRa SRivieR@Uiamatgadedriects all such conflicts based on the
replicas' knowledge as described above. [0277] It is sometimes helpful to

think of conflicts as fo(8y in tigetwetsles history of a change unit. If no
conflicts occur in the life of a change unit, its version history is a simple chain
[0273] 1none embodiment, the synchronization service does not provide its own

scheduling infrastructure. Instead, it relies on another component to peform this task - the
Windows Scheduler available with the Microsoft Windows operating system. The
synchronization service includes a command-line utility that acts as an SCA and triggers
synchronization based on a sync profile saved inan XML file. Thisutility makes it very easy to
configure the Windows Scheduler to run synchronization either on schedule, or in response to
events such as user logon or logoff.

d) Conflict Handling

[0274] Conflict handling in the synchronization service is divided into three stages: (1)
conflict detection, which occurs at change application time - this step determines if a change can
be safely applied; (2) automatic conflict resolution and logging - during this step (that takes place
immediately after the conflict is detected) automatic conflict resolvers are consulted to see if the
conflict can be resolved - if not, the conflict can be optionally logged; and (3) conflict inspection
and resolution - this step takes place if some conflicts have been logged, and occurs outside of
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--- each change occurring after the previous one. In the case of a
knowledge-based conflict, two changes occur in parallel, causing the chain
to split and become a version tree. (b) Constraint-based conflicts [0278]
There are cases where independent changes violate an integrity constraint
when applied together. For instance, two replicas creating a file with the

same name in the same directory could cause.such a conflict to occur.
the Cop B0 A B o Ser ERF IR aGa AR KoL GgHfebrom
thelog knowledge-based one), but they do not affect the same change unit.

Rather, they affect different change units but with a constraint existing

between them. [0280](Ihe sy@ohfioctiia¢ientservice detects constraint
violations at change application time and raises constraint-based conflicts

al 3Rt cHINghe-Rs el RMbSINTENS HE SYACKORIIRAL 0 Seaiga deiertss wadimes of
confliERIARAHR! Biesdhp FRaRgeFinNmEeh as way as to not violate the

constraint; The synchronization service does not provide a general-purpose

mechanism for doing so. _80A2) CRi{liGh Bigesxailg d92fttyvhen a conflict

is detected, the synchronization service can take one of three actions

(Jererepd _hybkﬁhmwgeimma' tzdinlﬂh&t @Omtﬁf?mﬂéiem&ﬂeﬁﬁieﬁi H“l@(éhl&g wendent
returning it bacgk to sender; a conflict jpto a conflict log; or (3) resolve .
chanci G R AR ) (3SR RSB L ERRaRea ] A s dvhou

knowleselgeest eath ahéf theinlmngendicisntieavergoatothibedplics dinegetistby the
Koow Y ) AT o R S G LSO BN R ngeects o
such cpifittshissabbieihel hipli bastéadvnsediieraptiestsi et ebhveothers to deal with

t flicts. b jecting t .[0283] S {nitiat fi flict .

QTG on SRR P DR L R R 2o S e Aastory of
change_Qm'biniﬁganpiﬁbt&mdjlctrrelw_literefia mah@amrpi_fﬁba/iﬂsiba rfrstlmwiiyga\siaxﬂe chain
— o AR DR AL RSBy LR R OOl B BRI two
changesntiairtyrpparatial, cdirsint nigeughelad eoLgptia i hevdadgeveesenal teemflicts to one

resolver, but all the other conflicts to the log.

(b)  Constraint-based conflicts

[0278] There are cases where independent changes violate an integrity constraint when
applied together. For instance, two replicas creating a file with the same name in the same
directory could cause such a conflict to occur.

[0279] A constraint-based conflict involves two independent changes (just like a
knowledge-based one), but they do not affect the same change unit. Rather, they affect different
change units but with a constraint existing between them.

[0280] The synchronization service detects constraint violations at change application
time and raises constraint-based conflicts automatically. Resolving constraint-based conflicts
usually requires custom code that modifies the changes in such as way as to not violate the
constraint; The synchronization service does not provide a general-purpose mechanism for doing
0.
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(a) Automatic Conflict resolution [0284] The synchronization service provides
a number of default conflict resolvers. This list includes: local-wins:
disregard incoming changes if in conflict with locally stored data;
remote-wins: disregard local data if in conflict with incoming changes;
last-writer-wins: pick either local-wins or remote-wins per change unit based
on the timestamp oft ﬁnot that the synchronization service in
general does not rely c|o§3’0 rf?ﬁ?&ﬂ%llct resolver is the sole
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ent a elr ow t resolvers stom co

re[Qa&érs lﬁﬁyeafdseége corfiguiesitie prnainerszalicn ohr paradisiasdfriestiipage did
not arﬁ%?lfz%i’% AL %%@H@%&%’rﬂ%% %%El&fotﬂ‘r’eﬁk’%ﬁ@&?f”?his

-81(0 ct resolver dlesacon ict, It returns t sto

resolugpe aiirys &t Miaesey weche pemmwmb@as{m@@@ﬁfleﬁﬁg@ﬁhn@@wac@ing

fli E0 2By LRSS NEAACHTRA! NGRR RGN b
co.n Iﬁgvl%r?& properly (T] usted remot knowl ge to ﬂ?#%l a:Jli%at tﬁe c:ongis y
rejectingribig®f.nas considered. [0287] It is possible that another conflict is detected

Whilssapply FHRuéF&%'H&QFEdeEWu&F@s?ﬁuﬁBﬁ eﬁ?/%é‘ﬁ‘ PReRE The

resolved before the original processing resumes. [0288] When thinking of
synchegrizaiieeseian sHerAR S eeniriith Mistinge c6pai dlaierobRifitt asisaletwatle in the

follovfifg REydewd a5/ I9usiryifP NP BIL M) & ARONRS 48 BETHRPBIHISHRL Bhother, until

Thus, conflict resolutioris ttirn version histories into DAGs. (b) Conflict

one of iggHTYJeEEds] 09 SppqktR ARG Y SQsBidicerebisrearideRntichies, e
directld at NP IRECRE U NER RS 55110856 RE SRR S theP&ther conflicts to

Con IlctRecord These records are related back to the items that are in
the logonflict (unless the items themselves have been deleted). Each conflict
record contains: the incoming change that caused the conflict; the type of the

conflict: update-update, upde-delbdlQneatie CRRINE, iRktiRgert, or
C?Bfézﬁ mtTﬁQ%ytnc Plgr{iszlgtpoﬂfstekr]\?l ce provides a number of default conflict resolvers.
Thislist includes:

e local-wins: disregard incoming changes if in conflict with locally stored data;

e remote-wins: disregard local dataif in conflict with incoming changes;

e last-writer-wins: pick either local-wins or remote-wins per change unit based on
the timestamp of the change (note that the synchronization service in general does
not rely on clock values; this conflict resolver isthe sole exception to that rule);

e Deterministic: pick awinner in a manner that is guaranteed to be the same on all
replicas, but not otherwise meaningful — one embodiment of the synchronization
services uses lexicographic comparisons of partner IDsto implement this feature.

[0285] Inaddition, ISVs can implement and install their own conflict resolvers.
Custom conflict resolvers may accept configuration parameters; such parameters must be
specified by the SCA in the Conflict Resolution section of the Sync Profile.
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incoming change and the knowledge of the replica sending it. Logged
conflicts are available for inspection and resolution as described below. (c)
Conflict inspection and resolution [0290] The synchronization service
provides an API for applications to examine the conflict log and to suggest
resolutions of the conflicts in it. The API allows application to enumerate all

SRS, b S e v SR e ) X TR o et
need med@gqedmmb(mge eard tmeamnﬁliag@ermgé)djmg tocakchaige; (Rhdocal wins
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resol w«mﬁlcmsbeaﬂe.Wed a&x) ot reichii agmwndllaadjlyeslro(ﬂjrtha smglbcpomt Thus,
Y othr llca manuall (IB gh the conflict inspection API).
confllfgée)%fe iGN T VErS O R aores 0 (I.;gll
0 ensure convergence the synchronization service forwards conflict
resolutions to other replicas. igéhen é&%@‘i %ﬁﬁ solves a conflict arrives
at a replica, the synchronization service automatically finds any conflict

it INANRAQHARRUMER KRRPOY LB IS 4BRRIE S @Hﬁﬂpéttﬁ%éﬁém The

thls sense, a conflict resolution at one replica is binding on all the other

synchrapiake ey R QU eI Gl asd SRS OThes<r oS IgtRersrd r JIRsRY eeprgieare related
back teAMRSitenRflin: 18 iSYRNTEN{ZAKRE PRNYisRsaRaHRS Jas Imikaials abkivgind=ach

conflict resolution and picks one of the two resolutions to win over the other

confligh fi@ratieami h &6/ RFRMI B RIBEaANEL fateshd Mg fontishidhaharaof the conflict:
updat SYRERIEEGSHEPRIBRHE YNt cSapnarEcmdls Ahal lIBIODRRRS RMPRANBSRIHSA Bf the

replica 1D lexicographic comparisons). [0294] If different "new changes" are

mcorrgg@ﬁg@‘twgg il dhedraowtedor ok tes | igasepding it. Logged conflicts are available for

ingpection and resolution as described below.

(© Conflict inspection and resolution

[0290] The synchronization service provides an API for applications to examine the
conflict log and to suggest resolutions of the conflictsin it. The API allows application to
enumerate all conflicts, or conflicts related to agiven Item. It aso allows such applications to
resolve logged conflicts in one of three ways:. (1) remote wins --- accepting the logged change
and overwriting the conflicting local change; (2) local wins --- ignoring conflicting parts of the
logged change; and (3) suggest new change --- where the application proposes a merge that, in
its opinion, resolves the conflict. Once conflicts are resolved by an application, the
synchronization service removes them from the log.

(d)  Convergence of replicas and Propagation
of Conflict Resolutions
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conflict, the synchronization service treats this new conflict as a special
conflict and uses the Conflict Logger to prevent it from propagating to other
replicas. Such situation commonly arises with manual conflict resolution. 2.
Synchronizing to non-storage platform data stores [0295] According to
another aspect of the storage platform of the present invention, the storage

platiarm provides an architecture for ISVs. to implement Sync Adapters tha
e ST S iR s (paey By camaaeedted a
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Sync Servyjce provided by the synchronization service, as descriped below. .
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un synchronization t iven backend, Sypc Adapter writers ar :
resol 1 e R e A R remticn e
synchgimezatibe Sywmicéanfimascekby ¢ imusdiap omef|iTheepooddéntim/iog shatanégesaltied by
this u;'grc‘i%%”é‘ﬁ %ﬂ%‘?&&&%ﬂéﬁ%@{n @%Rfse\fvpgl%lnﬁ?&gte%?hk%%sa}o F]hergS)Yi%‘é RIS on
0 control runtimé sefvices (e.g. the'Folder to sync ronlze?. ae) ync Service
all thq o gB]rapiecaynchronization service provides a number of sync services to

O, R Tt ST B U SRS (e, e
synchr'oliezati amsbitieeapplsestbgeiptatin mofia oklergictvidti thecsndiatarast plkkspte of the
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wo RSl oo RO RN, AR PR 0 aceriaic
fashioBhbah srgtiananibedvo syndunddpecsame reasily aralirtienesd ahe exhlaodjeeth atses replica

- oll[g . ta store Folder since the last time synchronization with
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rtner w pted. [0300] Changes are enumerated based on the
chozedit offatiffarerh driew-changesiqere sggesiee kil Hepeot eapisord donthtsame

confli@tt?% &ﬁcﬁ%ﬁéﬂ%ﬁ%ﬁ@%&@ﬁ@%ﬂ%&ﬁhﬁ? gg%@)régial conflict and uses the
Conflict Logger to prevent it from propagating to other replicas. Such situation commonly arises

with manual conflict resolution.
2. Synchronizing to non-storage platform data stores

[0295] According to another aspect of the storage platform of the present invention, the
storage platform provides an architecture for ISV's to implement Sync Adapters that allow the
storage platform to synchronize to legacy systems such as Microsoft Exchange, AD, Hotmail,
etc. Sync Adapters benefit from the many Sync Service provided by the synchronization service,
as described below.

[0296] Despite the name, Sync Adapters do not need to be implemented as plug-ins into
some storage platform architecture. If desired, a“sync adapter” can simply be any application
that utilizes the synchronization service runtime interfaces to obtain services such as change

enumeration and application.
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of the storage platform Knowledge, as described in the proceeding sections.

Sync adapters utilizing change enumeration services fall into two broad

categories: those using "stored anchors" vs. those using "supplied anchors".

[0301] The distinction is based on where the information about the last sync

is stored -- - on the client, or on the server. It is often easier for adapters to
is often, not cap

1 e s
e IR e e o er S e R A SR apaizion o a
given Mmﬂdﬂﬁwmﬂmlmmmwgdtm@mmaemmUSyhemdmter

; neffl%ent and in some C -—- it ma s,one clle%unav]y re of
interfag W A G e YR e 7 SRR R A o e B T s
conflgmdaman Mammmethesaiaﬁesme ainehich ddepbetajptes mdds&tmstmpw rite to

ack to the starage platfo he tlm of change enumeration. [0302] In
contrq re 'O the S%S§§8§ﬂ“ ﬂrﬁaqo%%n% R'Phg?anchor (either for local or

remote storage), the storage platform needs to be made aware of the
changes that ware -8®HWirbeesfias applied at the server. These and only
these changes can be included in the anchor. During change enumeration,

[PR9810a 0 1% SURSEraR ARG ST RRPFRERSE MHEWES FERAE WA e i:Admter
wrlterWeF%rSﬂP\@Q%ﬁﬁmﬁl%ﬂﬂﬂ% At GORNEhRINS YD FEQNZ BlioMaBHRABISHS R he storage

pplied anchors must read the new anchor (which incorporates all of the

p'athQ“dé&%ﬂﬂ RApKREIr Al gRH)e afdesEndnd tBanef Baaes Il tesospaskienf that the

adapt@qlg@ﬂﬁgw@eggm@t@éﬂ,@ﬂapter specific data along with the items they insert
into the storage platform data store. Common examples of such data are
remote IDs and remote)verspRar(§aestanepaliohhe synchronization service
provides a mechanism for storing this data, and Change Enumeration
pfozies eBmdtmrﬁberctan@eeiaddhgscbkarmaiatai raddriny whﬁswmm@m service,

cra SN U S P B e

a dat aclores-Slviec shutaiter tatd tapplwobhmgMecemdﬂtfnsrpmm \fmeadpmdhe

I t t fqr shang

O@O@Oplaﬁgﬁk emag%g%e?ﬁ t(h t% Ig?ngch%ss ﬁ storgzﬁgéega‘gue
structmathalmepmesmmﬂ:éer rast @edmatdmfmlrsymmmgeqmiaffd)maﬁhbemhes the form
of the storage platform Knowledge, as described in the proceeding sections. Sync adapters

utilizing change enumeration services fall into two broad categories: those using “stored
anchors’ vs. those using “supplied anchors’.

[0301] Thedistinction is based on where the information about the last sync is stored --
- ontheclient, or on the server. It is often easier for adaptersto sorethis information on the
client --- the backend is often not capable of conveniently storing this information. On the other
hand, if multiple clients synchronize to the same backend, storing this information on the client
isinefficient and in some cases incorrect --- it makes one client unaware of the changes that the
other client has already pushed up to the server. If an adapter wants to use a server-stored
anchor, the adapter needs to supply it back to the storage platform at the time of change
enumeration.

[0302] Inorder for the storage platform to maintain the anchor (either for local or
remote storage), the storage platform needs to be made aware of the changes that were
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[0305] The primary function of change application is to automatically detect
conflicts. As in the case of Storage Platform-to-Storage Platform sync, a
conflict is defined as two overlapping changes being made without
knowledge of each other. When adapters use Change Application, they must
specify the anchor with respect to which conflict detection is performed.

e A A P B e A %
During ohangesdimmexelrige Sy ntad dapeeesties stokekhawisdppiiedtanentzse Chepge which
e SR STl A S A LB B,
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and se%%ﬂ?getﬁnllrjrgerkaetho . (3) Conflict Resolution [0306] The Conflict Resolution
methanisms e bed above (logging and automatic resolution options) are
ayaiable ©OftsmAadpieisnseas twedio®\anie@ dagiecH imdst s perigvite gaitgnmothey

. canflict resolutign when lyin anges. If specified, canflicts may be
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remotEvarfiiots ¢amedt ips) lodge dyiicts pozatiale sthatthe addeder meahahesectan storing
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the cheegely/be rcositdineg. td pisidyminatekiitie ne@l/ftr Adigpees somagueyubstditabaseyin
gaos@icts detected by the synchronization service be sent back to them for

most . A . . . .
processing. This is particularly convenient in the case where the backend is

capable of storing or regolvi ic - ter implementation [0307]
&1 ”@ﬁ%pé?@d%ﬁ&ﬁ

While some "adapters” are simp tions utilizing runtime interfaces,

ageRiars TRAGEAPPUEL W&W@%@%{aﬁfﬁ?g% SRIARIRNBUSFERERRd from their

These Interfaces allow Sync Controlling Applications to: request that the

backend iptBe [RGAbHATYR BHHATRAL AKIAEET TR IBCE TR M & Briia shangRsdo the
storag R HIenSEeHAN Zlion: RO ERSSIME RIRSETY (WRRHINS(RRBRIFGFR API classes
complete) on an ongoin @Etync. 3. Security [0308] The synchronization
are g%@?@%@@féﬂmé@ﬁg%ﬂgﬁi@j YRR ossible into the security model
'”DQb‘éiB]er_‘tﬁ‘ié BYi H%iyﬁfgmém@@ﬂ?g@@iﬂﬂﬁ'@ﬁ dedininerewdigrietéer conflicts.
_ synchronization, existing rights are used. Specifically, = )
Asin the case of Storage Platform-fo-Storage Platform sync, aconflict is defined as two
overlapping changes being made without knowledge of each other. When adapters use Change
Application, they must specify the anchor with respect to which conflict detection is performed.
Change Application raises a conflict if an overlapping local change that is not covered by the
adapter’s knowledge is detected. Similar to Change Enumeration, adapters may use either stored
or supplied anchors. Change Application supports efficient storage of adapter-specific meta-
data. Such data may be attached by the adapter to the changes being applied, and might be

stored by the synchronization service. The data might be returned on next change enumeration.
3 Conflict Resolution

[0306] The Conflict Resolution mechanisms described above (logging and automatic
resolution options) are available to sync adapters aswell. Sync adapters may specify the policy
for conflict resolution when applying changes. |If specified, conflicts may be passed on to the
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anyone who can read a data store Item can enumerate changes to that item;
anyone who can write to a data store Item can apply changes to that item;
and anyone who can extend a data store Item can associate sync meta-data
with that item. [0309] The synchronization service does not maintain secure
authorship information. When a change is made at replica A by user U and
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platform for items that user U does not have read access. 4. Manageability

[0311] Monitorlgz a d'ﬂH%HISP. qgtﬂ;r{epllcas Is a complex problem.
The synchronization servic may use a "sweep" algorithm to collect and

digigbyte iviaregsine: reR| st ARAIHRS REHRes,

sweep algorithm ensure that mformatlon %gut all configured replicas is
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every replica. Monitoring tools can be run at an arbitrarily-chosen replica to
2 giveR Wi B S rBRHR NGO HHE Y AEYR A AR AT BB A ERARH SPAAYECTRIGRAINGT Any

(percSRAJIOLBANE SaNaeefbIPRgnade directly at the affected replicas. J.
TRADITIONAL FILE SYSTEM INTEROPERABILITY [0313] As mentioned
above, the storggeuplgagform of the present invention is, in at least some
embodiments, intended to be embodied as an integral part of the

h@@&@@refﬁbﬁ\gm@rmmdme sy steesvhaesmnpueusy siditt] eFasrmi’nl;el etthihe

s e o LA O e R A o

syncht:cp’ezatlmg, wwmlmmmlmmemage platform API becomes a part

. anyone who can read a data store Item can enumerate changes to that item;
. anyone who can write to a data store Item can apply changes to that item; and
. anyone who can extend a data store Item can associate sync meta-data with that

item.

[0309] The synchronization service does not maintain secure authorship information.
When a change is made at replica A by user U and forwarded to replica B, the fact that the
change was originally made at A (or by U) islost. If B forwards this changeto replicaC, thisis
done under B’s authority, not that of A. This leads to the following limitation: if areplicais not
trusted to make its own changes to an item, it cannot forward changes made by others.

[0310] Wohen the synchronization service isinitiated, it is done by a Sync Controlling
Application. The synchronization service impersonates the identity of the SCA and performs all
operations (both locally and remotely) under that identity. To illustrate, observe that user U
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of the operating system APIs through which application programs interact
with the operating system. Thus, the storage platform becomes the means
through which application programs store information on the operating
system, and the Item based data model of the storage platform therefore
replaces the traditional files system of such an operating system. For

ied.in the Micros |ndow fam|I of operatin
conno BR Dl e YA AR FGIRC TR BB & RS o e sorage
platformmftenitentethan tisat Omireting hgstawadRezssntly, application programs
access the services of the NTFS file system through the Win32 APIs exposed

by the Window¥ taraggabildyerating systems. [0314] Recognizing, however,
that completely replacing the NTFS file system with the storage platform of
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application programs which rely on the Win32 programming model to access
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convention that is a superset of the Win32 naming conventions to facilitate
inforragt i3 ARek Bk RN Sk He JasiS SRR a fany RARBIONT A heebeRT B SirRe finsge
directRNg FHEEGIRHES pBIRAdN a storage platform volume through the Win32 API.
315] Additional details regarding this functionality can be found in the

related Jﬁb‘ﬁ@dﬂd@\lﬁéoiﬂérﬁt& @%PM&%&H’%RR&MTK STORAGE

PLATEORM API [031 tf API that enahl
oS R Mg S A O LIS PR A Qo et
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section describes one embodiment of a stor latfor API of the storage
e o5 R BRAAR PIF o OB AR ORIRAB AAARY B
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i B e e e e e
of the operating system APIs through which application programs interact with the operating
system. Thus, the storage platform becomes the means through which application programs
store information on the operating system, and the Item based data model of the storage platform
therefore replaces the traditional files system of such an operating system. For example, as
embodied in the Microsoft Windows family of operating systems, the storage platform might
replace the NTFS file system implemented in that operating system. Presently, application
programs access the services of the NTFS file system through the Win32 APIs exposed by the
Windows family of operating systems.

[0314] Recognizing, however, that completely replacing the NTFS file system with the
storage platform of the present invention would require recoding of existing Win32-based
application programs and that such recoding may be undesirable, it would be beneficial for the
storage platform of the present invention to provide some interoperability with existing file
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Relationships to other Items and is the equivalent of the common concept of
a file system folder. Each Item is "contained" within at least one containment
folder. [0318] Fig. 19 illustrates the basic architecture of the storage platform
API, in accordance with the present embodiment. The storage platform API
uses SQLClient 1900 to talk to the Iocal data store 302 and may also use
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wing g BB OO s AR PR LAY B e i 2
wppodefmeeml'mgifdds pmd\ddec'toaesfmm re sathagetptatifoacoes simatdioughdtesviin32
AP Exchange and AD. -88 [0319] Fig. 20 schematically represents the various

" components of the storage platform API. The storage platform API consists
of @34 5pllcvddigi coeh detad 8 gt Jlidg thnic Asset HABINY, cavhivef oapdd sehe tetsted
applic sjorage. éat%or% Lem é&l%% |tem ty, IYpes, | (2) runtime framework 2004, which
manages object persistence an prowdes 'support classes 2006; and (3) tools
2008, which are used to generate CLR classes from the storage platform

se@ema%?[ RE‘@% fmsses resulting from a given schema
reflects t

directly |erarchy 0 types in that schema. As an example,

‘iA AGeT tﬁ*ﬂé@HﬂA%é’ Mﬂﬂ%@ﬁ%?%s%ﬂ%@?%&%%ﬁ&%ﬁﬁﬂ%&w‘ Bibtams to

and Fig. 21B.70321] Fig. 22 illustrates the runtime framework in

accespihertanbi eF BRC-CeRakid ks ABIRerROomsS: BratéosR fisevissed apey e pprdatasaess items
storedindfe Bafu G339 LB REHBEL BhE e IoHREEP BB e & form API of the

framework 2004 creates an ItemContext object 2202 corresponding to the

storagggiaénnee Rt Hhrresenhénvestine dpaiaisresardincHisspnetgoait ke found in the
relatell BHIRETYS [REBARPLE By ASERGQIESTRP I‘iﬁrgﬁmﬁntﬁ‘&ﬁ@kﬁ nRd GRERTHEABN

5 conce\otually an object graph 2204 (due to relationships). 4. The application
SUMMeZAg 88l v foreePieli fSErts data. 5. The application saves the changes by

cainrfherdrReatR(tameY a8; a Containment Folder is an item which contains holding

Relationships to other Items and is the equivalent of the common concept of afile system folder.

Each Item is “contained” within at least one containment folder.

[0318] Fig. 19 illustrates the basic architecture of the storage platform API, in
accordance with the present embodiment. The storage platform API uses SQL Client 1900 to talk
to the local data store 302 and may also use SQL Client 1900 to talk to remote data stores (e.g.,
data store 340). The local store 302 may also tak to the remote data store 340 using either DQP
(Distributed Query Processor) or through the the storage platform synchronization service
(“Sync”) described above. The storage platform APl 322 also acts as the bridge API for data
store notifications, passing application’s subscriptions to the notification engine 332 and routing
notifications to the application (e.g., application 350a, 350b, or 350c), as also described above.
In one embodiment, the storage platform API 322 may also define a limited “provider”
architecture so that it can access data in Microsoft Exchange and AD.
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[0322] Fig. 23 illustrates the execution of a "FindAll" operation. [0323] Fig. 24
illustrates the process by which storage platform API classes are generated
from the storage platform Schema [0324] Fig. 25 illustrates the schema on
which the File API is based. The storage platform API includes a namespace
for dealing with file objects. This namespace is called System.Storage.Files.

e e R R ASeT 5prorn

API. Trhestbeditepl astemAchjentsi sis ofapdit cevtepcoatperiprisi(y) theablmsasano?,

. The System. S torage.Files namespace. has two classes:. Fileltem an
whic i SRR s RGO (A BeR e a0
whichrewadget vinjed Ipgriestieing: ahd @ eddessambad reassesRY06E; anli(@)tenol s28d8, which
Directoryltem gre read-only from the stor latform API. In order to modify
ave iR SENERRCHE HoERm Se RBHe AR 0P 10, -89 (0325] In
rggaadito ARed)ieranchyrahuhassgs nésuftiog {mmogevemyphematdifactdy refigtis the
. _viewed as any,mechanis rocess, protocol for enabling one or.more
e R A e R TR Rl e gpreects
schentayas seowrmno FR tPibA sadhgniiBof code. Alternatively, a programming
in e ma viewe one or mare mechanism(s).. method(s)...function
o e Bt e el DS G TR Ly R evion
operas@siolihivedive coupling to one or more mechanism(s), method(s), function
call(s), Jle(s 0 er nent(s). The term s e"in
REAOE TR SRR P R e e
lings j : ' ina
o e R i fp e bour
codeitesgishistaies isépthariplwstigiled, or whether the code segments are
provided as source, intermediate, or object code, whether the code

sSgmiit srpecatinReBME T artingosyisis MepnGERBexE $0 St AHeatesti enegf dems; the
locatrg pheieshREpAt SRR ARC ISR &1 isfibaied RRIORS WiRips.

machines, or whether the functionality represented by the segments of code

age imﬁ%gﬁ@ggdﬁlaﬁgﬁ%g&%&w@g%mﬁw@dﬁdwwe, or a combination of

hardware and software. [0326] Notionally, a programming interface may be

vigwethg gnsiTietibh & ShmeRIaNGIS b3 QA IoRd iBe BRBaE(Y r@hotlustrates an

interface Interfacel as a conduit through which first and second code
s¢gB2NtsEgnAB il isateedtine S3Utiositites RindAlérfaseramaomprising

mfsg%e Fig. 24 illustrates the process by which storage platform API classes are

generated from the storage platform Schema

[0324] Fig. 25 illustrates the schema on which the File API is based. The storage
platform API includes a namespace for dealing with file objects. This namespace is called
System.Storage.Files. The data members of the classes in System.Storage.Files directly reflect
the information stored in the storage platform store; this information is “promoted” from the file
system objects or may be created natively using the Win32 API. The System.Storage.Files
namespace has two classes. Fileltem and Directoryltem. The members of these classes and
methods thereof can be readily divined by looking at the schema diagram in Fig. 25. Fileltem
and Directoryltem are read-only from the storage platform API. In order to modify them, one has
to use the Win32 API or classes in System.1O.
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objects 11 and 12 (which may or may not be part of the first and second code
segments), which enable first and second code segments of a system to
communicate via medium M. In the view of Fig. 30B, one may consider
interface objects 11 and 12 as separate interfaces of the same system and
one may also consider that objects 11 and 12 plus medium M comprise the

in e. Although Figs, 30A and 30B show hi-directional flow and interfaces
AR VR e e el T DA A
viewellaw anyomedtiaaichopfocess, ipfotaoaitian eflaloli ng olesoriheidxssgmern(shnefycooéto
have an interface object.on one side. By way,of example, and not limitatiqn
comm N R o UG e R SR s g SO ! coce
Alterriatngt gna pubyramiméng éntefeder oegce @iealbdsaicbne mponemnnebieai smisje method(s),
(COM) interface, are ,en passed within the definition of programmin .
functi A B RS el PSRRI R ARl e wmicetive
couplimgtb @he\draTeiny heehBrsso(s) ereethodés), fiamsiotsati{ey nadthne(s)hete of other
compr PR 5 e in s by eades; spnce and, nclides dls, COmmANS, e one
IOrequ ts, e?csr% tRe? scond code segmBrﬁ? etistho w'here%ny e -9
or mose swhdictanes sed nesidf resmisyasdthrelndesieadio oo dechddal ety wtijects, sequenices,
.syntax, arganization, SC timing and_content of the information, In thi
functi By R e e T Y R R e R g R e
Separ avelyrediopi bEcthe intetfer ehevturta seghentssatizipndyvededrasisourodr atesenatti ae, or

. C inati 0 I e inf tion is.tran in the ne,
obiec g e R L i DB e
they aire tousted botthediaswtiondi ifethiet coahamesooratist i ¢edadivss mhotipé onechines, or
fer either vi h is Anf ' '

whett B O SR B Hle MR £ R BRI By
softwanenwhettyistelinar dvsard) on aceniuda isagrhbardsianplsnadcedtgaefunctionality

p e - 0 : | .

O oL Lt T e ROl R AT T % Youn in
Fig. 38Agpn&igys3e. fragt 304 H{uttratianan Iotséigebupitadedat gladpdatifheeligh which first
and sq%%%%r %@gss&m ﬁ#&@ﬁ' . %8§ﬂﬂ§é9%f&$d¥' HREALLE & EBH@H' ing interface

Imiting. Is notion of a programming interface 1s known to those
objectsKill@dn 2{evbichamey ier aiesyr ind ipetpar tfof d e fipldechtechdd sodptsegnagntsy, which

) : . . : _
e S0 ORT 1% SRR SRR [ RISBEC\AHEHRIA rview o
Fig. 38BcongpasyeansdeidtRifiane sbiddshlant élersiefatsie spedificesiofithg same system
and or?ér?ﬁémégﬁéfder that objects 11 and 12 plus medium M comprise the interface.
Although Figs. 30A and 30B show bi-directional flow and interfaces on each side of the flow,
certain implementations may only have information flow in one direction (or no information
flow as described below) or may only have an interface object on one side. By way of example,
and not limitation, terms such as application programming interface (API), entry point, method,
function, subroutine, remote procedure call, and component object model (COM) interface, are
encompassed within the definition of programming interface.

[0327] Aspects of such a programming interface may include the method whereby the

first code segment transmits information (where “information” isused in its broadest sense and

includes data, commands, requests, etc.) to the second code segment; the method whereby the
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appear to be more sophisticated or complex than the simplistic view of Figs.
30A and 30B, but they nonetheless perform a similar function to accomplish
the same overall result. We will now briefly describe some illustrative
alternative implementations of a programming interface. [0329] Factoring: A
communication from one code segment to another may be accomplished

indirectly by breaking the communication jnto multiple discrete o
secon i e O e S el e 0% s, oxgenization,
scherrgh tiwimcp antkcorieriaoftheanf drenatescrih el srégandsthé divilsiibjéngatarsoort medium
. functionality. Thus, the interface fupctionality of Figs,, 30A and 30B may.be
st L A e B e e e W ARG iR
wirel a4, araZcbmiisia itmef Hovness fondcaitskiglyr rastidns s atardportad i B i, riaaner

. function. provided by interface Interfacel may be subdivided to convert th
cefing 1 e el S B T R e P RRE
directibBs intdwarmendttiotal wanse, ash@iniptineatisanranstauihag dd leishenteid andtiger

31B, the function provided by interface.11 may be subdivided. into multiple
mechafin X SRR AR AHREC S RE e B Tor O [ petween
the coti2 sefitientse condreexict sety asanben ook cedeisapgnaivt smailgradoessahiificsional ity

code, segment may, be -91 factored int tiple interfaces 12a, 12h, 12c, efc.
perfor R e e R L P Y SR bRy Sty
situatioaee gptepancdmthemuhetizer ohétedasmpradsidedaritbfthsy et coddoosely coupled

. ith : f Fi 1 d f ion iti
orig R B A B A Bl s AR B S MO T
Iimitimgspectivgly. The factoring of inter.faces may glso follow associative, .
. Hgg}éfa“f’ﬁs%ﬂo%?%@%ﬁ} RYiR liR@P&rg?SS@%%%%%MQ?SI@%QJHWHQ%% and
Ifficult to recognize. Forinstance, ordering of operations may be
iscl eaurirmpdrmmr@@gmmb«mzr i@tfonafctha:i_mmﬂ @mtﬁ)ema'rntémwen ayhee ways
oy A A A e o MR GG vencia o

be enmmmei,hyrtégﬁlamwmih ah mwmiﬁu&imn%ﬁpmb@wmmay
sPre L P N R P S A 08 e
they r@ndthelesalpﬁﬁerrp@@m Iasmﬁqar@.apmﬁmmtbyeammg@mﬁauig W(_awill now
i b N gl o B B e e

in€l3aels sFaahetiog: cAlcsauaseigaion fppetierodasagr)eatdalbrintier may be
accomplished indirectly by breaking the communication into multiple discrete communications.
Thisis depicted schematically in Figs. 31A and 31B. As shown, some interfaces can be
described in terms of divisible sets of functionality. Thus, the interface functionality of Figs.
30A and 30B may be factored to achieve the same result, just as one may mathematically
provide 24, or 2 times 2 time 3 times 2. Accordingly, asillustrated in Fig. 31A, the function
provided by interface Interfacel may be subdivided to convert the communications of the
interface into multiple interfaces InterfacelA, Interface 1B, Interface 1C, etc. while achieving the
same result. Asillustrated in Fig. 31B, the function provided by interface 11 may be subdivided
into multiple interfaces I1a, 11b, 11c, etc. while achieving the same result. Similarly, interface 12
of the second code segment which receives information from the first code segment may be
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includes three parameters, input, precision and output, and which is issued
from the 1st Code Segment to the 2nd Code Segment. If the middle
parameter precision is of no concern in a given scenario, as shown in Fig.
32A, it could just as well be ignored or even replaced with a meaningless (in
this situation) parameter. One may also add an additional parameter of no

cqncern. In either event, the functionality of square can pe achieved, so lon
foctor g R AR 1€ a1 ARLCLLEl i QO SE g gt s
includedegisittheiat coeley semrihdrt mesdamtingich theraonsiter o6 isterfacdsinchitsaimioh the
other portion of the ¢ uting s m; ever, itis_recognized that
2nd o RS R P o b2y DS e R G g pfaces
| nterfanel dvel e pleroeaith tidgaokeas With ExgenBla aretSa8 ofegassing v Tdkedactoring of
: recision value, a meaningless value such as a birth date could be passed
et T A LA R oHIAY B SN R RN, e il PrsRties such that
the fantbeirig caay besdiéiptatetd bycoyeiradeoth nsehetnerdiad ngrud reperatéatts may be
. parameters to the interface. Interface. 12 may similarly, be redefined as .
enirmd G A ORI 3Tt S L IRl SR e wen
advantteedfmeeg i egoitae et eddoe| IvdanetberThieceanhtodera isitiréace, sopefoased by a
seper JISHABMIG Inigase A nelide a5Regis, SHE A8 RATAMEILI tR2 s con
Arenotneeded for 2ome purpose, dnd 30 tﬁey mé{y € ignored or re eﬁn%ar,
apprecsigrtet tsere aptsavdnaty fnvetiie opongdosg slifizsat]fimntoCealiathdt achiyaddbe
same P&}‘ asible to merge some or all of the functionality of two separate code
maodules such that the "interface" between them changes form. For example,

td@?ﬁ@ﬁ};tid?mjgf)g' irofi Gy sl.rfmmandmm. mmay bepnsahkﬂaettgdi goahe &ddciordéitynef
cenaf el 0 8y S B s B RESAR M e L e
intend(bdsf@dﬁe,Tﬂis otestetedentsi gsa@@tilarhréSf’éBnﬁnuexeme Mmad:hteiﬂaee but
et B e AP o e S LB T S IR e el
incl udm@me&mmmmmmmmm_rpmdmm, a:ndeysbi@hsis(s?.m_rﬁ@amthe 1st Code
) A e T
scenaffiorrasisterfece FIgAs2fustcadd | istertarel 1eitg ooviear ietenirealagad Wb 2and
mesn e A L Pl e Al 31 (R0 of o
concegD Bnxritherrageat fuhe fignctiana sy eiredaeuan beran)| evedcisddaeg es/ed by is returned
after iiﬂHﬁlr E@%ﬁ&e&@%@%ﬁﬂ&%ﬁ%ﬁﬁty@g&@&?ﬁ% very well be a meaningful
parameter to some downstream or other portion of the computing system; however, once it is
recognized that precision is not necessary for the narrow purpose of calculating the square, it
may be replaced or ignored. For example, instead of passing avalid precision value, a
meaningless value such as a birth date could be passed without adversely affecting the result.
Similarly, as shown in Fig. 32B, interface |1 isreplaced by interface 11’, redefined to ignore or
add parametersto the interface. Interface 12 may similarly be redefined as interface 12’, redefined
to ignore unnecessary parameters, or parametersthat may be processed elsewhere. The point
here is that in some cases a programming interface may include aspects, such as parameters, that
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with input (to square it) by the second code segment, passes back the
squared result with output. In such a case, the processing performed by the
second code segment (squaring input) can be performed by the first code
segment without a call to the interface. [0332] Divorce: A communication from
one code segment to another may be accomplished indirectly by breaking

e e R oS A o428 KOLRITIFH ), SR e A0
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dynamlcal convert the communication m the 1st
accompltﬁmmleowxe@dqmmltée coroouid aatiternteonautliffer disciiete damenaisi cations.

This i%i%&ﬁ%ﬂgﬁgt%ﬁ%@ﬁ@g%gﬁ and 34B. As shown in Fig. 34A, one or more piece(s)

of middleware (Divorce Interface(s), since they divorce functionality and / or interface functions

from the original interface) are provided to convert the communications on the first interface,
Interfacel, to conform them to adifferent interface, in this case interfaces Interface2A,
Interface2B and Interface2C. This might be done, e.g., where there is an installed base of
applications designed to communicate with, say, an operating system in accordance with an
Interfacel protocol, but then the operating system is changed to use a different interface, in this
case interfaces Interface2A, Interface2B and Interface2C. The point isthat the original interface
used by the 2nd Code Segment is changed such that it is no longer compatible with the interface
used by the 1st Code Segment, and so an intermediary is used to make the old and new interfaces
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Segment (either the original or a different 2nd Code Segment). This is
depicted in Figs. 35A and 35B. As can be seen in Fig. 35A, this approach is
similar to the Divorce scenario described above. It might be done, e.g.,
where an installed base of applications are designed to communicate with an
operating system in accordance with an Interface 1 protocol, but then the

gperating.system is chan to.yse a different interface. The JIT Compiler
comp s BUTIRY <a® S TE o A ore Bt Ge gk
divordastedidacbaxe apshiotit theuntvatines faom iotdifecep ¢ratthy iskstieor.cAmterface

depicted jn Fig. 35B, this apprqoach qf dynamically. rewriting, the interface(s
D12 g B R R R0, o PR L e 2 R A ned o
work wigh. 0234}t Itchavidatbe senedtetdtibatithesadbSieadadyribetl swkDi2iosjowork

achieving the, . same or similar.resulf as interface via rpative .
toget B B TSR N el BT ANT1568 16 BB S o operating
systemandlibd poovidiingthe sante vesimigac ddiectidmas rébdtalternative embodiments

pr ed_above are not mutually exclusive and may be mixed. maiched an

e o o R AN PSS S O A B 1 B8t
replacedbn anies are fandikohai Figst N3methch§ @Belbis wisicnathicdvbsthasamtonensl

rammi onstructs, there are other similar ways of achieving the same ..

res O R e C S LR SRR, BN A P it
languagen(@&theM 83 @saftripr daenByddSptdecespirisganavedenb o af dist-invEmte QJl Te catrigiler or
: n -94 that i1.i I I f ionality resen d the
interp 8 1 <R BB (SRR IR PRVMARIP ETICE RABRiON he sva
runti nhetemfac®)Mént XM e NS 1IN EBrNDi - 7RI BV QR @R 36 [TAddUnh datpilat may be

o o ST B AU IOn b T o S8 o
Code Bepyareinir$,earid coptatichendltseritkier &yt intarFan® asanaydiefoegeiddolbghthe 2nd Code
seam S 2 ool S, T R IS 5 anc
35B. Ageriabe sestan{ouB0A, ihwcapveadbriss mtastalhsiRipiy cefeetoras described
above, tRich BEUHET O A FRAIBFERR RN St SRR iET,
commyateaserwitin assofferefiagtizysi dRel attoneitpaceavis)) an hntedageskiyviortiems then the

oper B B e L S P R e 0
confoiméhel edntpnbiei paideisah Wit yrf iaimadhe énséléethdasagpplications to the new interface
of the operating system. As depicted in Fig. 35B, this approach of dynamically rewriting the
interface(s) may be applied to dynamically factor, or otherwise alter the interface(s) as well.
[0334] It should also be noted that the above-described scenarios for achieving the
same or similar result as an interface via alternative embodiments may also be combined in
various ways, serially and/or in parallel, or with other intervening code. Thus, the alternative
embodiments presented above are not mutually exclusive and may be mixed, matched and
combined to produce the same or equivalent scenarios to the generic scenarios presented in Figs.
30A and 30B. It is also noted that, as with most programming constructs, there are other similar
ways of achieving the same or similar functionality of an interface which may not be described

herein, but nonetheless are represented by the spirit and scope of the invention, i.e., it is noted

-94-



in at least some embodiments the storage platform allows customers,
including independent software vendor (ISVs), to create new schemas (i.e.,
new Item and Nested Element types). Since an Item type or Nested Element
type defined by the initial set of storage platform schemas may not exactly
match an ISV application S need, it is necessary to aIIow ISVs to customize

the t 0 th the notion Exten ons tensmns ar
the it s el o o PP o, LR R i o 5 bl
an intenfizst lieap thaddytid tbeamllnemf@nmnetmteElement Also, in addition to
addressing the need for schema extensibility, Extensions are also intended to
address "multi-typing" issues. Since, in some embodiments, the storage

1. plBXarENSEYMSIASLP PRI FRIANGIREritance or overlapping subtypes,
applications can use Extensions as a way to model overlapping type

in138kles Aefgundabecarmentapiagf ecréseal inventinensthe widiratiosettems that,
to a c4R5HBGBN)- rﬁodEW‘éE word EpmIEERA J%\éé(é%ﬁr%%ﬁ’&@?@?&%&ﬁﬁ%% and

invention, the WInFS type system provi s & mechanism for Ining
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|
prowag TS %@fffﬁ)@ﬁdﬁaﬂ %F‘%qu\r\/ﬁr\é’ug E;ééﬁ]ﬂgegs%f\%@ mw)@mlon a

mespace which serves as a rouping for a set of

hardwigneése lyvar ettieer (aeasEsisrn A cla éon catySNRNES \SelseataRminy netetteRsred
“WintS BRI R e NELS TREAHA Y 305 P febrhs Mt Rt Y55 PE Mi-extended

format. Thefollowing is an example of a possible schema decl atlon

using <BxieaRRNNarbxtpss Ipsidmodaiiaga” dat Tsipdcisen (Ryprer sy irRetasionships,
etc.) t@ﬁ?&W&@@qlﬂm§@§f}l§&[}(&as a unit for type versioning. WinFS

defines several” system schemas that bootstrap the system. These are the

slseal-stusapey surbnTisaasies pereenthand eeritaine theigruesad tlarativpsdt - E.6.(3)
and 11 RS/ ORhAPER WdRgSYRISTINARGHRRRY iR’ fﬁr JARBEWNMUrnfR e S8R schemas,

namespace that declares all the primitive scalar types in the system. [0339]

in at |qask wine e ppel sRseB SRR Ratior 6T | ke sty pas! uries dppeadent
softwér’@véfﬁ%fﬂ SV, BAFERARAN schetthiog Blogk, et 21N dYRE EIBHA WIS Since

pe system. These types are declared in the schema namespace

an 'te@?ﬁ’t@ﬁ@lﬁ@éﬁﬁmﬂ@ typredefiiRsdiRy taeisitialis of tHersee srabtamnisehemas may
not e%é(ﬁﬁ/smatch an 1SV application’s need, it is necessary to allow ISVsto customize the type.

Thisis allowed with the notion of Extensions. Extensions are strongly typed instances but (@)
they cannot exist independently and (b) they must be attached to an Item or Nested Element.
Also, in addition to addressing the need for schema extensibility, Extensions are also intended to
address “multi-typing” issues. Since, in some embodiments, the storage platform may not
support multiple inheritance or overlapping subtypes, applications can use Extensions as a way
to model overlapping type instances (e.g., a Document may be a “legal document” as well a

“secure document”).

A. TYPE SYSTEM

[0337] Invarious embodiments of the present invention, the WinFS type system
provides a mechanism for defining structures of data. The type system is used to represent data
stored in WIinFS. A WinFS type is declared in a WinFS schema. A WinFS schema defines a
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WinFS Managed CLR Type Description Type SQL Type String SqlString
String Variable-length Unicode data with a maximum length of length of
2A31 characters. Length can be fixed from 1 - 4000 characters or
unconstrained using the "max" keyword. Binary SgiBinary Byte[]
Variable-length binary data with a maximum length of length of 2A32 bytes.

Len th c n be fixed f 0 8000 hytes o onstraln usin "max”
e B 58 L S SRR ST S B L U N e B
elemeBygte\Ki aﬁ@éohemgﬂ achp predattiar &Pl & WileHS SgrentelzefiitoAdiguage (SDL)
et e A RS, T B 38 SR SRS B rtion:

(2,147,483 647) Int64 SgHNt64 Int64 Integer (whole number) data from

-2A63 (- §§6| 1 922337203685 7758 throu h 2A63-1

(9223375 ﬂgl;%???f"c ngle §mf Rg?geSmgle Floating precision number

data from -Lypedefin&d@srough 1.79E + 308 Double SgiDouble Double

Floating ision>number data from -3.40E + 38 through 3.40E + 38

Decimal Sqi Blimal Decimal SQLDecimal has a larger value range then CLR
Decimal type. In the store the precision is always 28 digits and scale is 0.

DgsdanewHiPS EHINELFSE WR% B ARSI BRI MG ARNAEE Lot eevera
system schemas that bootstrap the system. These are the System.Storage schema namespace that
contains the type declarations of the root types in the system, and the System.Storage.WinFS
schema namespace that declares all the primitive scalar types in the system.

[0339] TheWinFS type system declares a set of simple scalar types. These types are
used as the most primitive building block for al other types in the WinFS type system. These
types are declared in the schema namespace System.Storage.WinFS. The following table defines
the set of primitive types.

WinFS M anaged CLR Type | Description
Type SQL Type
String SqlString String Variable-length Unicode data with a maximum

length of length of 2*31 characters. Length can
be fixed from 1 — 4000 characters or
unconstrained using the “max” keyword.

Binary SqlBinary Byte]] Variable-length binary data with a maximum
length of length of 232 bytes. Length can be
fixed from 1 — 8000 bytes or unconstrained
using the “max” keyword.

Boolean SglBoolean Boolean Null-able Boolean value

Byte SgIByte Byte A singe unsigned byte

Int16 Sglint16 Int16 Integer datafrom -2"15 (-32,768) through 2*15
- 1(32,767).

Int32 Sglint32 Int32 Integer (whole number) data from -2/31 (-
2,147,483,648) through 231 - 1
(2,147,483,647).

Int64 Sglint64 Int64 Integer (whole number) data from -263 (-
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through December 31, 9999, with an accuracy of three-hundredths of a
second, or 3.33 milliseconds. Guid SglGuid Guid A globally unique identifier
(GUID). Xml SgIXmIReader XmIReader For Milestone B, WinFS.Xml will be
mapped to "String" type. True XML datatype support is expected in
milestone C. Stream TBD TBD A binary data type that is using file stream

backed storage for effici

eNt access.

d|n

& Fhea

is define
(includin
he used

l by a name an
j enumeration {
Q7 as type of

d a type. The
ype) or othe
Property is

[
C. [034Q] A WInFS enumeration is a %ﬁ%ﬁfgﬁ%&% a gg
. r\r\hcfonfa callad a \lalll ||cf I\n ant g ngu Bhe %é“ be erl TalE-YalV, nlar\n
SinglGhere a s§9r§m9l|§e can é;v( eﬁﬂ[ﬁ{gm [ 79E +
L declaratipn- <Enumeration Malg" />

Doullgaiue NatEouhithale! %H@ﬂﬁ?bﬁOE +

_are zero hased !n the e nmnlp abho\ %HMRHQR/&@%?&@&MTQ value 0 and
Decigghder. FeRIRECHlesehierHRR 1. 039k PELEIR J18x 3)Fe% \rlupeangs then CLR

name and a set of propadrties. A Proer§cigd Wnber field of the type, and

tpBestar pllopRieyisien Al wiaye 28 digs and
2R type. A WInFS type that can
called a nested type An instance of a

Datefhfggd ty
the insta
declared
of valid t

IRATIPex
nce is nested w
using the Nests
pe declaration

SPAERINaIL

pdType sche
5. <NestedT

thin an instari€EseR

| Bt e eng ot NihFE Be
RSt B &8 uatR Yeacy
P4 E¥ERIBHPOE RSk BSRE PR RE PSR s
@'Nﬁ@ﬁ@nd%ddress BaseType="

Guidsystem.

SRR Nested

DBlégt> <P

répelebaixreienstidentifier (GUID).

Xml Type="W

iPHX StRegdesi

y PRG0N

|t ddilegese B, WinFS.Xml will be mapped to
“String” type. True XML datatype support is
expected in milestone C.

Stream

TBD

TBD

A binary datatype that isusing file stream
backed storage for efficient access.

This type will be supported in milestone C.

[0340]

A WInFS enumeration is a scalar type that declares a set of named constants

called avalue list. An enumeration type can be used in any place where a scalar type can be

used. Here is an example for an enumeration declaration:

<Enumeration Name="Gender" >

<Vaue Name="
<Vaue Name="

</Enumeration>

Male" />
Female" />

The values of the enumeration are zero based. In the example above Gender.Male represents

value 0 and Gender.Female represents value 1.

[0341]

A complex type is defined by a name and a set of properties. A Property isa

member field of the type, and is defined by a name and atype. The type of a Property can be

either scalar (including enumeration type) or other complex type. A WinFS type that can be used
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<Property Name="City" Type=" WIinFS.String" Size="256" Nullable="false" />
<Property Name="State" Type=" WIinFS.String" Size="256" Nullable="false"
/> <Property Name="Country" Type="WinFSString" Size="256"
Nullable="false" /> </NestedType> <ItemType Name="Person"
BaseType="System. Storage Item"> <Property Name="Name"

ooty L BERRIRALI R R eto D BRRRTiED o 5p ger ory i 2

val ue biaarferejiertpLoked dymppERVIN %Bymtﬁmawgh&%mp&mﬁ an instance of a
Addr T ultiSet Addre

comp i e b TB S BBy B o B i el HFrgaig ome

exampressifhelsp egpkatbclenasioaribute specifies the maximum size of the values

contained in the Property. A Property can optionally declare a nullability
constraint using the Nullable attribute. A value "false" for this attribute
indicate&tﬂmﬁjémmﬂaatmﬂW@&T@pduéy&twm&ma@jeglamed@taaﬂ»
of the typ Ano 7“ t|o | Pro aWb %efaul g;nbute that

alu

specifies the %r ropenrty rm e wi eaSS|gned to

the Propﬁuyatimstataee/ereatlon time if the appllcatlon did not provide it.
[0343] The Addresses Pror&e{ the e WE&HR@’%SZ t%gﬁMultiSet A
e

Property o y%er &t is"als &rred 10 a5 A malti~valu roperty. In the
examplertlaMettl%tsEbhtams a set of instance of type Address. A MultiSet

is sumllart egglr[¥q\tf% It., .20 GO § F@T—'SQ? trgt?ép:c%]@)é;facomplex

type. The typ henstance i the mus a complex nested
type. MUNlSkabtypefalees/not support instances of WIinFS scalar types

uiable 25 Gt AR WA ke e be
Nullable=' false />

</NestedType>

<ltemType Name="Person" BaseType="System.Storage.ltem">
<Property Name="Name" Type="WIinFS.String" Size="256"
Nullable="false" />
<Property Name="Age" Type="WinFS.Int32"
Nullable="false" Default="1"/>
<Property Name="Picture" Type="WIinFS.Binary" Size="max"/>
<Property Name="Addresses" Type="MultiSet" MultiSetOfType="Address'/>
</ItemType>

[0342] For properties of type String and Binary a Size attribute must be specified. This
attribute specifies the maximum size of the values contained in the Property. A Property can
optionally declare a nullability constraint using the Nullable attribute. A value “false” for this
attribute indicates that the application must provide a value when creating an instance of the
type. Another optional Property attribute is the Default attribute that specifies the default value
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[0344] WInFS supports single-inheritance of types. All types in WinFS must
inherit from one and only on WInFS type. The inheriting type is referred to as
the derived type and the type from which this type was derived is referred to
as the base type. The base type in the BaseType attribute of the WIinFS type
declaration elements. Suppose that type A derives from base type B which in

for th%L,:gn derlveﬁ]&ror%ygp&@%%%lt &1?&%? %étésto %é t(g, ﬁﬁﬁﬁéﬂ%é

appllcstwﬁdlmr\bﬂlpﬁﬁs'ude glways an instance of a single type. We can however

tr a jnstance as an nst 1ce of a et oft ontai the ty
A T A B e R e e R e R LS & ey of
type Natt tﬁdylsmmefeaiécﬂhe mzmmdtnchamabf’tbpwlycesme ekampleﬂherl\mpam ttentains

the mos t-deri -t mst n mstan e.
aset O AR A P R bR T e B g o
more tystarm:éa@ rglyrippedtgbemehe Qmets)ftmmnﬁlaaodenm Wpieﬁhhmum bé dheomplex
ertie red in its as e The der| ecla e ne
nested R o R e s oo o e Sl
enumé?dupertyp@cl&ré’cbmemeotﬂeymeﬂl tfpSancest muit heseuthablscane ceaumet dsnae a default

Property of the base type. [0345] The main advantage of inheritance in the
data model comes from substitutability of inherited types. Consider the

fo084itg wmﬁslwpmasmd@memamme NEtyEsBaHdTpe \B'mﬁsrmLSt inherit

Nest > <P F|r
from R AR SRUATES e SRR el SrE) |0 Re Ut yiidna the
type fmemdﬂiwe typegas waeu\lsm&ﬂajkﬂé hoiakhB baﬂﬂ’lype-mabwé typeinthe

B&Tiééoﬁﬁd% ?é?n&(gl Per ééaég;é%i%%L Egﬂ o4 >rag§£ﬁe¥ﬁg1;¥88nvesfrom

base tqu&oshycmmﬂmﬂ '‘Gaeitsdroat yppé&=' 'Nwmﬂe’ﬁ Ganpeceystor type of the types A and

B. Th< es teﬁ%p@%ﬂlﬁﬁt %\?g ﬁﬁ(%yﬁ %e type §2:§o S[\é‘ﬁroe[s')ttg,grrt?/dmWInFSIS

aJwayRataiMam&ﬁﬁmglaMQnN@candwweommmmaNM® asat ivstapee of a
set of N}%@% de%ﬁ WF}HXHE‘P%‘:‘;\' grt&eaf F‘ﬂé’ﬁﬁ&g}%%@:rﬁﬁgﬁaa instance which is an

instance of such a set of types, we call the type which is not the ancestor of any other type in the

value.

set the most-derived type. A singly-typed data instance is an instance of exactly one most-
derived type. In general, we will refer to the most-derived type of a singly-typed element asits
type. The derived type inherits all the properties declared in its base type. The derived type can
declare new properties but can not override the properties defined in the base type. A Property
declared in the derived type must not use the same name as a Property of the base type.

[0345] The main advantage of inheritance in the data model comes from substitutability
of inherited types. Consider the following example:

<NestedType Name="Name" BaseT ype="System.Storage.NestedObject" >
<Property Name="FirstName" Type="WinFS.String" />
<Property Name="LastName" Type="WIinFS.String" />

</Nestedype>
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RealName only have instances whose type is Name. However, with
inheritance, single-valued instances are allowed to be the value of
RealName as long as the type Name is one of ancestors of the most-derived
type of that element. So, an instance of NameWithMiddlelnitial will be
allowed to be the value of the Property RealName. [0346] The same rule is
extended to set properties. The Property OtherNames contains a set of
elements. For each singly-typed instance which is a member of that set, the
most-de kst dyfpepefNBaianStEnes Vit inale Mkt 'eBasaThpef iaamestors.

So, some gf the instances, in the set.OtherNar, yﬁ%le instances of type
Narme whit A e MRTeB o o RN o Bt (0347
Inheritand®lessedi€ppdstes convenient querying in that it is possible in the
WInFS system to find all instances of a certain type. When looking for all

instances of a type, the query engine will also return all instances whose
most-de st tyffopaadest OedentsRHEHT g igp Sy HlenvdEreraghdsenbperations

are only supported for Iltem.,Extensian_and Relationship types (not Property
types). Foﬁ%g?ﬁg &Pﬁ@éﬁgﬁ‘?ﬁ}}? e%tgrcy E‘?ém'\gn se, >roperty, or complex

property typeserty &l amerd @ihadNantess dpmpertell thii Sestdok sSetDtayped Name” />
within a gy&%& Itisggt Property. B. TYPE FAMILIES [0348] In summary, the
WInFS type Sys enrdefines four distinct type families: - too Nested Element
types (a.k.a., Nested types or Property types) Item types Relationship types

e HERARRER AR AT s RGaten) SR opLeR o
Otherhlanhemrﬁohﬁw dhayfmmnm Natnyﬁgétfgmﬁtpaﬂeméraymamheﬁobhﬁy

e g B e R s B e e
instanosed asitgped tf h@’dr@erﬂe@_ of Mwme/aﬁi PRtepHe typedtans sfaneebmdestors
o the O e A B Y R Uit wi e
allowegpisiibatibe gabae nbthemplossty Reatipdenquery that returns all instances of a

[0346] The samerule isextended to set properties. The Property OtherNames contains
a set of elements. For each singly-typed instance which is a member of that set, the most-derived
type of that instance must have Name as one of its ancestors. So, some of the instances in the set
OtherNames may be instances of type Name while others maybe instances of type
NameWithMiddlelnitial.

[0347] Inheritance also enables convenient querying in that it is possible in the WinFS
system to find all instances of a certain type. When looking for all instances of atype, the query
engine will also return all instances whose most-derived types are descendents of thistype.
However, these operations are only supported for Item, Extension, and Relationship types (not
Property types). For nested types (a.k.a., Nested Elements, Property, or complex property types),
the operation is only supported for instances contained within a single multiset Property.

B. TYPE FAMILIES

[0348] Insummary, the WInFS type system defines four distinct type families:
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given nested type in the WInFS store. 2. Item Types [0350] A WIinFS Item is
an instance of a type whose ancestor is the type System. Storage. Item. This
type is a complex type that is the root of the Item type family. System.
Storage. Item declares a Property of name Itemld of type Guid. This is a
special Property of an Item that serves as a primary key of the Iltem. The

value of this Property is guaranteed to be unigue for Items in a given WinFS
store? Tﬂ\lge%?é W%Etﬁgﬂ@ﬁ&}rktﬁe,’ddﬁPﬁME%Bfﬁ%ﬂ%tW%e application
whenscregdingypasinstance of an Item type. The Itemid Property is also
immutable - it can never change and must not be reused. [0351] The query
engirfe BRFANNIRLARRes of a given Item type in a WIinFS store. This

query, mg@@mﬁ@@stances of the type and all its type descendent types.
Later herein is described the central role that Items have in the WinFS

Each iyparéamip SrnivAkisent aateE PranREiasisRd HFOs RS0 BT HyRapIserp The
SystefRES ﬁeﬁ’aﬁ'ﬁ%ﬁ%ﬁ@é dEcRHES REMGEES oA Ser VI RE ROREIEORE RN of the

types describe binary Relationships where one Item is designated as the

type fagifiel Badoll owing gestinsis ferrisRida frradaryiepndeiat. A Relationship is
an instance of a type whose ancestor is the type
System. $torag® RSB IS8R TRSS pe is a root of the Relationship type

hi y. System. Storage. tionship type declares the followin

R R S e D e o DL e ypes of
propeffetiormhlan SIANES tyRedatl osshgesiof & nestpaetypentfiernty tieenBstdatioasieipn
. relative to the source, Item: the pair (Sourceltemid lationshipld) forms. the
insteng e R e R e ST SR b
globaliyrgebatfithedpitzations kgndl cdempazeea eifntipte 3 e gsiwerRafas@ishgbances of a

. __instance mod s:\}&ol ing, Embedding or Reference Name - contains the
given rﬁ‘géheegyigﬁéq?ﬁé?a |c')rr'1%$i%%?'holding Relationships IsHidden - a Boolean

attributeéhat aqP%ajjga&can optionally use to filter Relationships that do not
need to be displaye € Sourceltemld, Relationshipld, Targetltemld and

M@38d7roReiiNnEY Esh ST sABiEf HSPe whose ancestor is the type

System.Storage.ltem. Thistype isacomplex type that is the root of the Item type family.
System.Storage.ltem declares a Property of name Itemld of type Guid. Thisis a special Property
of an Item that serves as a primary key of the Item. The value of this Property is guaranteed to
be unique for Itemsin agiven WinFS store. This Property is non-nullable, and must be assigned
by the application when creating an instance of an Item type. The Itemld Property is also
immutable — it can never change and must not be reused.

[0351] The query engine can return instances of a given Item type in a WinFS store.
This query may returns all instances of the type and all itstype descendent types. Later hereinis
described the central role that Items have in the WinFS system operational semantics.

3. Relationship Types

[0352] Relationship types enable Relationships to exist between Items. WinFS
Relationship types describe binary Relationships where one Item is designated as the source and
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are assigned at Relationship instance creation time and can not be changed.
[0353] A Relationship type is declared as a complex type with the following
additional constraints: Source and target endpoint specification: each
endpoint specifies a name and the type of the referenced Item Allowed
modes of the instances of the Relationship type: a Relationship instance can

ot have a value for the Mode Prgperty that is not allowed in the Relatjonshi
the o S BT Bk o B LA O T LR Rl BGAE WhGSE Hestor
is the t§fRel8iisteshfidigpe. Reatiendbipc Tmisnypeisartoot of the Relationship type hierarchy.

BaseType="SystentStorage.Relationship” AllowsHolding="true"

Sy R A G A VR B DR SR e name=—
Documesgtulagemiderendlesurdaitthe | teh@thst TargeiuNaoe tHéRdai oy e fistance
Core. Caontact" /> <Property Name="Role" Type="WIinES.Strin

me=" pe= ">
<ProperBAAIRELIBI piayNiakfe ryIBLS i e P Telave fo the source
</Relationghipie peir (She denerine RAkipeiRelalitsiafipHe sieekatereyitby

restrictions of instances to Holding or Reference mode. This means that an

instance R HASBAMREHAUME Relationship can have instances with value

Moda="Refgepmnesl oL Medemidalding tagstaners Rafiivakien;
Mode="Embedding" will not be allowed. [0355] The Relationship declaresa
sour® M@EsInORsPicie B hasH R iteRsihESiaeRITIOEES sl igh & Abedding
target engnairdghdype "Core. Contact”. The Relationship also declares two
additional properties. The Relationship instances are stored and accessed

sepafatéNARem caibaisHheNterelatiHiesRilak pesiie fon foidkng BetissPfFom
a glopal f5iepsipn ¥ @%I&ﬁ%ﬁf%ﬁ@%ﬁn&%ﬁg Qﬁbﬂﬁ%ﬁ%ﬁﬁ]@k%ta

instances of a given type of Relationship. [0356] Given an Item all the

Relation5¢ljpti Bpias Ehet o ehneedhtedi eiskiayiage
The Sourceltemld, Relationshipld, Targetltemid and Mode Property values are immutable. They

are assigned at Relationship instance creation time and can not be changed.
[0353] A Relationship type is declared as a complex type with the following additional
constraints:
e Source and target endpoint specification: each endpoint specifies a name and the
type of the referenced Item
¢ Allowed modes of the instances of the Relationship type: a Relationship instance
can not have avalue for the Mode Property that is not allowed in the Relationship
declaration
[0354] Hereisan example of a Relationship declaration:

<RelationshipType Name="DocumentAuthor"
BaseType="System.Storage.Relationship"
AllowsHolding="true"
AllowsEmbedding="false"
AllowsReference="true" >

<Source Name="Document" Type="Core.Document"/>
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enumerated based on the Sourceltemld Property of the Relationship.
Similarly, for a given Item all the Relationship in the same store for which the
Item is a target can be enumerated using the Targetltemld Property of the
Relationship. a) Relationship Semantics [0357] The following sections
describe the semantics of the different Relationship instance modes: [0358]

Holding Relatio ?ﬁ‘%? H Icg@ Relatiopships are u efto model reference
count base 6\riigét ﬁizag‘é’ %Efygﬁhéqr%&&m An Item can be a
source erncipopdripNaTe=bRoTT fRetetivhsrSttinferss. An Item that is not
an embedded Item can be a.target,of one.or mor, El%n Relationships.
The targefql%é)r%er%lsﬁ[aﬁéei:n ?L%YMS"E?;&V&’%%"E‘ %t' rri%si:”ii§>instance.
[0359] HolRiEgtiRBrtatNgIEpS enforce lifetime management of the target
endpoint. The creation of a holding Relationship instance and the Item that it

is targeting is an atomic operation. Additional holding Relationship instances
The DomarhentAetihed fRetdt eEmestipg s tied dhesl setha e (18t itemolitistantes tastdiding oy

Relationshig instance with a.given ltem.as target endpgint i leted. the
Refer QR SRS e R T B AR, Rt S rave
instanspewifiadauth] eudatikelEngnal? ada i boe~iHdbd nghfbnsetceb et Anahstance of
th%r%ggl%taéonshi S ﬁ%rt at%ﬂ. \il'viég_types of the endpoint Items can not be

I\/I()de‘(::han € r elationshipis established. [0361] Holding Relationships

plDESHey TokeRel BdronshiptHeclAfies-SstiercerendpEs piacamedl!’ Poldingnt” of 1tem type
“ i i ici in th i " "
cord R S B Al S o ey T o R R s

two adldéisodrpeoftertied hiderBlelttionshpeng anciep srd stastid laachaddasspd separately from

the g S e e e A F A o RN A e

can beneomposath thitewil |[0362] ahihé bidiansEaibitgietigyie oh Retirienshipacyclic

ol S A R A R A SRR e LR e
enumerata@i@psaﬁédr@thef@lﬁbmemtﬁ_ﬁﬁopemyfofn’miad wfcirﬂf_iiiplirﬁiiianme&pzﬁ;@ven [tem
al theaigg g%ﬂsﬂﬁtﬂ?{@%&%@&é\%PmiW ﬁ%ﬁ?glasi%%g'ﬁ%'%@'enumerated using the

Targetltemld Property of the Relationship.

a) Relationship Semantics

[0357] The following sections describe the semantics of the different Relationship
instance modes:
[0358] Holding Relationships: Holding Relationships are used to model reference

count based life-time management of the target Items. An Item can be a source endpoint for zero
or more Relationships to Items. An Item that is not an embedded Item can be atarget of one or
more holding Relationships. The target Item must be in the same store as the Relationship
Instance.

[0359] Holding Relationships enforce lifetime management of the target endpoint. The
creation of a holding Relationship instance and the Item that it istargeting is an atomic
operation. Additional holding Relationship instances can be created that are targeting the same
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[0363] Embedding Relationships: Embedding Relationships are modeling the
concept of exclusive control of the lifetime of the target Item. They enable

the concept of compound Items. The creation of an embedding Relationship
instance and the Item that it is targeting is an atomic operation. An Item can
be a source of zero or more embedding Relationship. However, an Item can

e IR AR RaResne Roiopshi. A0 eI IaS e

thetar@ed&twn@aiso%da@aj Item must be in the same store as the Relatlonshlp

in e. [0364] The.t fth 0|ntI in theR tlonshl
Ul S R A S S S R YT
enforcEerly@eamﬁttmee\dpmeHMGrmrpmstrbmmam@&ypﬁef the eRndbmnanpssan not
esta h ddln hips do not participate in the WinFS
be ch Z%%c?g%%r e‘l% 'gf t?%tl%ﬁﬁheg?operty of an embedding Relationship
mMas6he nHIrhI@@Bbﬁn&@md@lﬁlmﬂmkmnﬁafmagmbd%laﬁ&mmsam&spme
oI life,time of the tem references rence ela nsh,l do not
Al e R el e e e RS S TR R R e
Relatltmgepaiecsﬂmmedehnmtﬁeeﬂmmpaie@amtmrérwwmeahemtcelmmm'mls

reference Relationship so the reference Rela onshl
el a0 A PR PR s RS AT FCRRTRHEA cormor
be nuIRéTthrﬂGmilMlbbdﬁlﬁ@memtlngrfrhfetihee“omarmgdamr&gwen Item forms

the fuﬁ&;‘a% §q118 tween Items. Since the existence of the target is not
r erence Relationship is convenient to model loosely-coupled

RB)aGBth‘be hﬁlmbr@mletlwsmmmrmmydwg@wmm@nw en a
holdi r&”ﬂ?e 3% gﬁlff% Qgsféﬁ{%is%%{r]ﬁgg Q'@Ef%t C mﬂgﬁpsun ng

|ons pal‘tIC ate in namespace. e valu
that tma{mQH%upe‘rtyaomeefoemd iafp Reldtansione mtcmhas onibf Hipddlafrdhshripespace

I ﬁgqg @oﬂg t v gﬁ)ell w!gg Tﬁi al rules and constraints
and Itgﬁgﬁ o Relations u?\sm%\%n Iﬁé& (% a ar%{élif[aﬁf (exactly one embedding
REI363hs hipbeddorgeRel ationships! dingiredting Rstips)ships ardynexiel pgdhe soncept
t
of xR LA o TR B e A A SRR IPCEERER of compond
Itemssdineeredthasidihgn embedding Relatlonshlp instance and the Item that it istargeting is an
atomic operation. An Item can be a source of zero or more embedding Relationship. However, an

Item can be atarget of aone and only one embedding Relationship. An Item that is atarget of
embedding Relationship can not be atarget of a holding Relationship. The target Item must be in
the same store as the Relationship instance.

[0364] Thetypes of the endpoint Items specified in the Relationship declaration will be
enforced when an instance of the Relationship is created. The types of the endpoint Items can not
be changed after the Relationship is established. The embedding Relationships do not
participate in the WinFS namespace. The value of the Name Property of an embedding
Relationship must be null.

[0365] Reference Relationships. Reference Relationships do not control life time of the

Item it references. Reference Relationships do not guarantee the existence of the target, nor do
they guarantee the type of the target as specified in the Relationship declaration. This means that
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Relationships. It can be a source of reference Relationships. An Item can not
be a source of holding Relationship if it is promoted from file. It can be a
source of embedding Relationships and reference Relationships. An Item
can that is promoted from a file can not be a target of an embedding
Relationship. [0368] When a Relationship type A is derived from a base

elatio e B the  following rules apply: .Relationship t e A can

the e RELT TIPS B D OO TS e B B D 2 G e e ems
in othdn@/\ﬂoﬁ@stmesllng endpoint type in the base Relationship B. If the endpomt

is r re ew n or the end nt mu t be d Iare

T S R A s R B e o Teeime
mana@eietibﬁsramwlrmé leztwv dantheme Shncette eﬂcﬂmde mmggwdzemdeMaredj the

basesﬁ%elatlonshlrg) T re F ed s tofi |n s m t be.a

re‘fe“enﬁ%sé# ARV LR ENEIEEE & 6(?\/ 8?%%%/6188%%@ naEeggnee
Relanthafamdpmb@and mnetatgd Herﬁsmpett;emansS Hmyesuanl nmrigeslkbmsmnmas a

name,of a Prope eofan oint of th 0 sbaset
mechifBE 8 AR e & A U8 Dt PR S B R e value

of theth(stndmythamamemmgﬂelatmmmﬂmm&mﬂhlp Here is an example

of a declaration of a Relationship type that derives from the DocumentAuthor

Relationship defined hegej Yg Ul NERiRf

Name= LegaIDocumentAuthor aseType=" Core. DocumentAuthor Allows

gigcm "“Falsell oMy meRd ingas AR oY RRRIBRE RS REl AT ps:

ource Name="LegalDocument" Type="Legal. Document "I> <Property

Nam&= éadammﬁam@gmﬁs@du@wmm@m&%ﬂi@ﬂ%@m@ne or more
LegalDogyimagtANR BRI onRb By rehessestisthtesausas ARIRSINtD e a

not the target

target of zero or more reference Relationships.

e Anltemthat isatarget of embedding Relationship can not be source of holding
Relationships. It can be a source of reference Relationships.

e Anltem can not be a source of holding Relationship if it is promoted from file. It
can be a source of embedding Relationships and reference Relationships.

e Anltem canthat is promoted from afile can not be atarget of an embedding
Relationship.

[0368] When a Relationship type A isderived from a base Relationship type B the
following rules apply:

e Relationship type A can further restrict the endpoint types. The endpoint types
must be subtypes of the corresponding endpoint type in the base Relationship B.
If the endpoint is further restricted a new name for the endpoint must be declared.
If the endpoint is not resdtricted the specification of the endpoint is optional

e Relationship type A can further restrict the allowed instance modes declared in
the base Relationship. The restricted set of instance modes must be a subset of the
base type set of allowed instance types.
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endpoint. The source endpoint type is Legal.Document which derives from
Core.Document. The target endpoint is not restricted further in this case,
hence the target element is omitted. The Relationship also further restricts
the allowed instance modes. It disallows the Holding mode and only
remaining allowed mode is Reference. 4. Extension Types [0369] A WInFS

Extensiap is an instance of a type whose ancestor is the type System. S

toragh E XSRS AL g SO sheiTeat ssTos RGP BorDEe She s gt b the
type fargiine Syatesmstirageopatisnsiemaetngsiveadpoipesiebe tipadd itéase type.
Itemld of the Item that the Extension is associated with Extensionld - a

unique iddISAST AR ERAshEIBMITRIA AR QoM PRI IR CRT eSB! sshftpoI Nt type is

Extensiomgiuitrguektidesiie shetisKienstertiositnse. - 106 [0370] The
following restrictions agtp%)ly for Extension types: Extension %/Sﬁlinstances can

Here g eGP SRS AT A otk FREAH OB WREPR 1L AREPUFRE W e same

DocurtenticlisitoRelERiIPUEE R otph eitaldn the store before the Extension
type instance is created. The Extension can not be created if the Item with
the given Itemld does not exist. When the Item is deleted all the Extensions

with the sRelgtitpenibTaSededRied: | &jamstenentAsiaoge of a given
most-derived Exten%ion %e can be ﬂpssgciated with an individual Item.
Extensioneth¥iot b SREuTgia Y BEtS of Relationships. [0371] There are

no constrdipigseivlidiagypessef Extensions that can be associated with a

given ltem type. tensiqn type is allowed to extend any Item type.
When m&hé@ﬁf%ﬁ@bﬁﬁf‘erem Extension types are attached to an Item,
they are Airpsdarehtemieach- other in both structure and behavior. The
Extension instances are, tor%ﬁ%and accessed separagtely from the Item. All
Extension SRS PR EEUORIE ORFs LW LGRS Gew. A
query can<PeopernpRisa:thabsdaN uatber allieeingialSsirodgt given type of

Extension regardless _of what type of Item they are associated with. The
ltemid of {r%@?&?@mfx%?cates which Item they belong to and can be used

to retrieve the corresponding Item object from the global Item
The LegalDocumentAuthor Relationship further restricts the source endpoint but not the target
endpoint. The source endpoint type is Legal.Document which derives from Core.Document.
The target endpoint is not restricted further in this case, hence the target element is omitted.
The Relationship also further restricts the allowed instance modes. It disallows the Holding mode
and only remaining allowed mode is Reference.

4. Extension Types

[0369] A WIinFS Extension is an instance of atype whose ancestor is the type
System.Storage.Extension. Thistype is a complex type that isthe root of the Extension type
family.

e System.Storage.Extension defines two properties:
e Itemld —the Itemld of the Item that the Extension is associated with
e Extensionld —aunique identifier for the Extension relative to the Itemid. The pair

(Itemld, Extensionld) uniquely identifies an Extension instance.
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view. Also, given an Item all Extension instances associated with the Item
can be enumerated using the Itemld Property of the Extension. C.
ENHANCED FUNCTIONALITY [0372] In several embodiments of the present
invention, a hardware/software interface system utilizes Extensions and
Inheritance in order to formalize relationships between various Items and

ther enhance the ability to.quer urality of.Items. 1. Inheritance [0373]
o o e e G e e R ot of the
Relatongitipasibheypetusianotd em RaQisnhdetepatachy feom3sOdeaie /i ety type
related hy a des{'i‘il ated relatio%%ug) 3 OGﬁghich, in this case, is an "author
relationshRIRAITENTE SEREAIETEEEE e X eSO eI DB &ilidR i ag sore

In this exefopde ht ExRiatioe tpe Ibaddechasid. T Hiemsisizdaranct Wecreated if
Special Item 3626.all jnherit frPErprihrﬂDocument It 36%1 ecause each

toms ty 1 15T QIR 5 e Sl R b VR 6 [ etR Aol a1 the
ltem 3642«eanditine ity e zatien deenDR&44antedt from the Contact Item

3604. In several embodiments of the &res;&té?v ntion, these inherilgiggs@ociated

Items (PitIPESE5S AN $B 24 b g EHARYPR AR

Organizgiiem asoadidiz Merinherit the Properties of the respective parent
Items (Document 3602 and Contact 3604), but they also inherit the
desighafe BEI9HR AR MY Be fRKEETRRd AR SPh RAAIRANIRSor example,

PoRre) 36PRHehed b saatPRSIR PReYHe coRkaaishethar catptioBsElated with a
3664 to Person 3642, and a relationship 3666 to Or%gmization 3644. A similar

given Lo YRR I SHRS QR RE) MBI B S0H IMIEEBR EYRE s btipIe

instanties o ok Fang e x b bR REkR Y toanatadi el splaéanshay Weentapesdisnbm each
automatic and does not occur in every context. For example, attributes that

other LRI UREE 2 DEBYIOE o DRIk eBd QNS ATErR AP .S H GO PapRsRg Separately
from hermselyves inkarohlesleténnes:pasaestse AemAgIOIEI A aRsbn view. A

re ate t ardware/soft re interface system. 2. Extensions
query gt B s0TRRER ARt LEEn Al B Pt o adiesivpe PR rens iy redardless
of whanileasiareape®ijiereiosesedwitis fioaresral £onthcEistansessadietay ianich Item

licati , APPI, APP2, APPX d APPY. APPI d APP t
they HEIAAI L PL A BRSPS ol SO S ot Hkeh ltem

view. @hiec(adelpddiie arlHie s anigdmesiedusclamatagthand Item can be enumerated
using the Itemid Property of the Extension.

C. ENHANCED FUNCTIONALITY

[0372] Inseveral embodiments of the present invention, a hardware/software interface
system utilizes Extensions and Inheritance in order to formalize relationships between various

Items and thereby enhance the ability to query a plurality of Items.
1 Inheritance

[0373] Fig. 36 illustrates a series of interrelated Items and a subset of their
Relationships. The Document Item 3602 and a Contact Item 3604 are directly related by a
designated relationship 3606 which, in this case, is an “author relationship”—that is, the Contact
3604 isthe “author” of the Document 3602. Inthisexample, the Picture Item 3622, the Music
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Contact", each of which inherits from Contact. However, the problem is that
there are now three different instances of the basic Contact Item one in
Contact, one in Contact’, and one in Contact". [0376] A partial solution to this
problem, illustrated in Fig. 37B, is to extend the properties of Contact to
include the fields necessary for an application that requires such. In this

, Coptact is extend include the Additiopal Fields requi by APPX.
tem G i sy A ey LT, P CCH e (S aa Bek AR ch
Itemsbig/eoizeacnbgperdd thedddeéntatenotyperBayitharbynmees sphd terh Bedaand the

empodimen he, present inventio mor rehensive solution is t
Orger R e R T e R S T S R o e
preser€ omteti diselhess ihhsitaigdtemBidRi &Ufe 3620 duaiz, ISRE )Soatick 8826 Person 3642,

Contact to | e its APPX Additiqnal Fields while APPY can al
and ofgARIN B ol Bt e e e Y e B S e pogument
3602 &xiEmitacs 364 et tneynasly etheettioh dedayaatedBeliatadyishi pa Odinweeitttese two

xtensians enable a. farm Iti-typing fqr the har [software | face
paren IR P ATRE B o R e B bl e
relatiansta ptRiit4stoliferdenl 2642 sindeeye! gilatisiip 3666 tgaDigamiy a sy 861y, Arsiimilar set of
sharing datg. The storaqge platform of the present invention extends and
Relali P(%Wegr%%ées%gﬁgtg?%%&ag?gé%ﬁ@eo hee;r/%tnedmgms%vr\{a'ﬁle systems and

df8Fdke Blystenes, iamsl mmetgnecdtdibahkeistoresiop atheypesocefidatd automatic

and e S Y S e S B B i Sep e e
inheritesl ¢oemuerstaneg ediatuoldpéicmanthatisevestinber daltte. thehstdenge patatfeters are

e e e A, o

extensib appl'lg J rgigrr]ggramming interface that not only makes available
the capabilities inherent in its data model, but also embraces and extends

exissing fileigysiem ARe4ataRastoreeRshEHReASad RibRRIgIershta for

~ changes may be made to the embodiments described above without
applicgipn degi fio RUERESBPoAN R EAHIR BGRERI aRGessEaledd davl IgPRHEations, APPL,

APP2PIGIBRL ENERPPRY is o linHiea peihe dasiindlabr aprl ChRM R HaiSHas B AlREX and
Is intended to cover all modifications that are within the spirit and scope of

APPYmeed @arardendedramtaci B@ %(gﬁ%@ﬂ@gg%ﬂﬁ@s) and thus derive Contact’ and

Contact’’, each of which inherits from Contact. However, the problem is that there are now
three different instances of the basic Contact Item—one in Contact, one in Contact’, and onein
Contact’’.

[0376] A partial solution to this problem, illustrated in Fig. 37B, isto extend the
properties of Contact to include the fields necessary for an application that requires such. In this
case, Contact is extended to include the Additional Fields required by APPX. However, directly
extending the fields of an Item such as Contact can only be done once, and thus APPY cannot
employ this method.

[0377] 1noneembodiment of the present invention, a more comprehensive solution is
to extend the Contact with an Extension that is distinct and separate from Contact itself as
illustrated in Fig. 37C. Inthisway, APPX can extend Contact to include its APPX Additional
Fields while APPY can also separately extend Contact to include its APPY Additional Fields.
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[0379] As is apparent from the above, all or portions of the various systems,
methods, and aspects of the present invention may be embodied in the form
of program code (i.e., instructions). This program code may be stored on a
computer-readable medium, such as a magnetic, electrical, or optical
storage medium, including without limitation a floppy diskette, CD-ROM,

-RW, DVD-ROM, DVD-RAM, magnetic tape, flash memory, hard disk .
These g A% B R S ST U e MR e ions
enabl acfgranotoulitiig ypadedinte hadivexesofedany iatentedeingstemch as a
computer or server, the machine becomes an apparatus for practicing the
invention. The present invention may also be embodied in the form of

V. poOo€daL tigiontat is transmitted over some transmission medium, such as
over electrical wiring or cabling, through fiber optics, over a network,

indl3dfhg he thedenegabnciil listratest tbe presentinveréion istubatad soissage
. H : \ .
i VB U S S B L S
inveniipacidhng'siaed Dosensiifie AoRvER il Aeieasbeyragexisiap il pgystems and
datab%é?g;ﬁiéﬁu& e Pé%%é?%me‘aq{{l%&%%?éﬂ%”ﬁ tgyseeraﬂa‘aqaorn@m I8\ tured, non-

I
unique apparatus that operates analogously to specific logic circuits. - 110
structygshoisseminAedrtur el data e Tes st ald tepulanndaai vt axha e igren of

data cgi%r%ﬂo"ﬂ%gﬂi&QEdHﬁHH%E&Bd@%&ﬂ&%%&H&?ﬁ%HM Bata, the storage

hardware/software interface system, said method comprising the utilization
platfopnHktherEpepbityentirmeeadies TPte it onpkieditpr sy depmeatdor consumers,

knowl’ééé%%&%e?%\ﬁ&i%@%ﬂ@cf ELerSlOLARlR YR SLEMSHRL &Ql%r?BFbEPammi ng

manipulated by said hardware/software interface system. 2. The method of

interfageifPL WherbirTses B eHRbI e crRaBHEtPRnb@Itarm 5 ChFTRERldalibpsO
embrEiThd BRSNS RS R aAekeHandeRen BRI AT Stk Y8 thet

such that if said Item Ceases to exist, said Extension also ceases to exist. 4.

changes@adp oies Bdhn ambRdiarntssests heisabauauibasy depaiviaerjrem the broad
inventrESBRIADEs thelddf. MEIERHIRGSARR AraRAI SIS RIS P FIIN Al BB RRRS tular

used to model overlapping type instances. 6. A method for extendin

embogb opssRglsciages i ePdei e e pRA firdiRs oharanithiathasirit and
xopemﬁﬁqrﬂyé B@;gwlﬁg%@m@gﬁgg%ystem, said method

[0379] Asisapparent from the above, all or portions of the various systems, methods,
and aspects of the present invention may be embodied in the form of program code (i.e.,
Instructions). This program code may be stored on a computer-readable medium, such as a
magnetic, electrical, or optical storage medium, including without limitation a floppy diskette,
CD-ROM, CD-RW, DVD-ROM, DVD-RAM, magnetic tape, flash memory, hard disk drive, or
any other machine-readable storage medium, wherein, when the program code is loaded into and
executed by a machine, such as a computer or server, the machine becomes an apparatus for
practicing the invention. The present invention may also be embodied in the form of program
codethat is transmitted over some transmission medium, such as over electrical wiring or
cabling, through fiber optics, over a network, including the Internet or an intranet, or via any
other form of transmission, wherein, when the program code is received and loaded into and

executed by a machine, such as a computer, the machine becomes an apparatus for practicing the
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utilization of a strongly typed instance (an "Extension") to extend said
Property, said extension constituting a discrete storable unit of information
that can be manipulated by said hardware/software interface system and
which is associated with said Property. 7. The method of claim 6 wherein said
Extension is attached to said Property. 8. The method of claim 6 wherein said
Extension can ote nde endently from said Pro rty, such that if sai
e AL B O L il g s with
the prnwﬁsadtobodmme&wmqw amm@tasmhﬁrt;pes&wmdlegdusl& mwgEadifiologic circuits.
Extensions. 10. The method of claim 9 wherein said plurality of Extensions is
used to model overlapping type instances. 11. A method for a
hardware/software interface system to organize and efficiently query a
plurality of Items, said Item constituting discretely storable units of information
that can be manipulated by a hardware/software interface system, said
plurality of Iltems comprising a first Relationship that relates a first ltem and a
second Item, said method comprising, for the instantiation of a third Item,
said third Item being a subtyped instance of said first Item, said third Item
automatically inherits from said first Iltem a Relationship with said second
Item. 12. The method of claim 11 wherein, for the instantiation of a fourth
Item, said fourth Item being a subtyped instance of said second Item, said
fourth Item automatically inherits from said second Item a Relationship with
said first Item. 13. The method of claim 12 wherein said fourth Item further
automatically inherits from said second Item a Relationship with said third
Item. 14. The method of claim 11 wherein, for each of a first plurality of
subtyped instances of said first Iltem, each of said first plurality of subtyped
instances automatically inherits from said first Item a Relationship with said
second Item. 15. The method of claim 14 wherein, for each of a second
plurality of subtyped instances of said second Item, said second plurality of
subtyped instances further automatically inherit from said second Item
Relationships with said first Item. 16. The method of claim 15 wherein each of
said first plurality of subtyped instances automatically inherits from said first
Item a Relationship to each of said second plurality of subtyped instances.
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- 112 17. The method of claim 16 wherein each of said second plurality of
subtyped instances automatically inherits from said second Item a
Relationship to each of said first plurality of subtyped instances. 18. A
hardware/software interface system for manipulating a plurality of Items,
wherein an Item constitutes a discrete storable unit of information that can
be manipulated by said hardware/software interface system, said system
comprising a subsystem for extending an Item with a strongly typed instance
W hat(sClaitexkion"), said Extension constituting a discrete storable unit of
information that can be manipulated by said hardware/software interface
system. 19. The system of claim 18 wherein said Extension is attached to

said Item. 20. The system of claim 18 wherein said Extension cannot exist
1 indepehediay adenciasanEam.swid iem masiiutaie 2dissetastesasbte saig of

inforn%?&ﬂ?ﬁ%@%%éﬁ%ﬁ?pﬁﬁ&&i‘@-%&@%ré@%@ iﬁ@%&&%’t@?ﬁi&ﬁﬁﬁe{%ﬂ

is extended by a plurality of Extensions. 22. A hardware/sottware interface _
compegae hestiizsipuritmgrnabrayppbinsidie (s, Bdensespdaiedeshsutditieg. sad
ExtenSRMBERIRRE Y ALRES A5 438 QS BRHRSHAERBRYA A AMARISPIMAE by said

interface system, said system comprising a subsystem for extending an
hardwearg/geliy apHtedaemdiftelbed instance (an "Extension”), said Extension
constituting a discrete storable unit of information that can be manipulated by
said hardware/software interface system. 23. The system of claim 22 wherein
2. sdiberneinda EaabnaeRIsaRf Epgsangn satiabe ieAitenim 22
wherein said Extension cannot exist independently from said Property, such
that if said P(r;g)ert_y ceases to exist, said Extension also ceases to exist. 25.

3. TREapsbRs gk nhesiaisishxisRsiuHGAYak e oBpeRdsy P Br S
Item, SRR NSt 43R BRI WRIC SIS FEAREF SIS i dnanipulating

a plurality of ltems, wherein an Item constitutes a discrete storable unit of
information that can be manipulated by said hardware/software interface

4. SYHEMedRE SYSIAM EHMBASHGR FHPSYSIteigePEaHPaianof Effteiani.

querying said plurality of Iltems, said plurality of tems comprising a first
Relationship that relates a first Item and a second Item, wherein said

5. SubRyFeAsder B8 AnatAHEAN ARt pIlTE I RMERRIGSIOHS] 4658 @ Mbael overlapping
_subtyped instance of said first Item, automatically establishes an relationship
type IBaNeRSh said third Item and said second Item;

6. A method for extending a Property, said Property constituting a complex property type
that can be manipulated by a hardware/software interface system, said method comprising the
utilization of a strongly typed instance (an “Extension”) to extend said Property, said extension
constituting a discrete storable unit of information that can be manipulated by said
hardware/software interface system and which is associated with said Property.

7. The method of claim 6 wherein said Extension is attached to said Property.

8. The method of claim 6 wherein said Extension cannot exist independently from said
Property, such that if said Property ceasesto exist, said Extension also ceases to exist.
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for the instantiation of a fourth Item, said fourth Item being a subtyped
instance of said second Item, automatically establishes an relationship
between said fourth Item and said first Item; and automatically establishes
an relationship between said fourth Item and said first Item. 27. The system
of claim 26 wherein, for each of a first plurality of subtyped instances of said

first Item, and for eac a second plurality. of subt d |ns ances o
9. SR LA A ST eSl ety AR on Sl psmsions.
each of said first plurality of subtyped instances with said second Item;
omatica abI| arelatlo hip for e h of said se ur
10, R S A S AN A0 R 5 RS (R SHeheVeriapping
type inglaticasship for each of said first plurality of subtyped instances with each of
said second plurality of subtyped instances. 28. A hardware/software

interface system for manipulating a plurality of ltems, wherein an Item
11. cdnstidtied fadidwste atgatilsae iwmrfaﬁereyaletmatgmrzbenm\&ﬁipiﬂmi@dqhwy a
aid. hardware(spftware jnt rfac sa t rls
o B R D e AR cane
mani pmmbmmmaammu ntenfaoe Sysjeand ssttqikristionabld temg admprising a first

Rel atllcm %r; é[%i\t ca? %le{'nan Hlated ?’l\é |d har War /Os (f;tgvrﬁrﬁ |nter acﬁhe
e sys emo c am ereln sal enS|on i

mstannatobnemath&cldlt@@ sﬁlmbthydtﬂemd@extmgm%wmmm ﬁ)&ﬂids‘lmst tammaeaid third

Item %ﬁﬁ%ﬁ)zgn%ﬂ%gc@gé%% 'Jé%fl@ %ﬁ%q-ue syst %%r‘%af&%%%%}ﬁ %l!ﬁtsald

Item is extended by a plurality of Extensions. 32. A hardware/software

12, Meag ﬁé’&‘&”&@%@f%&#&‘ﬂ{‘%? r‘fhé‘ ﬁ»& N OLTRRE AR i{?ﬁlgerﬁ "REHTRth Item
constlt Ing complex property types e manlpu e
being laxdypens ostaneofrsa o seeosgdiem, acﬂfeyﬁﬂehennmprm&ug&l;wdmhnm said

secondPl %g%@g&@fﬂz;ww & iegnaly typed instance (an "Extension®),

said Extension constituting a |scre e storable unit of information that can be
manipulated by said hardware/software interface system. 33. The system of

I
2. OO BRI YA ORI SRR RSO s

second Item a Relationship with said third Item.

14.  The method of claim 11 wherein, for each of afirst plurality of subtyped instances of said
first Item, each of said first plurality of subtyped instances automatically inherits from said first
Item a Relationship with said second Item.

15.  The method of claim 14 wherein, for each of a second plurality of subtyped instances of
said second Item, said second plurality of subtyped instances further automatically inherit from
said second Item Relationships with said first Item.

16.  The method of claim 15 wherein each of said first plurality of subtyped instances

automatically inherits from said first Item a Relationship to each of said second plurality of
subtyped instances.
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Property, such that if said Property ceases to exist, said Extension also
ceases to exist. 35. The system of claim 32 wherein said Property is
extended by a plurality of Extensions. 36. A hardware/software interface
system for manipulating a plurality of Items, wherein an Item constitutes a
discrete storable unit of information that can be manipulated by said
hardware/software interface system, said system comprising a subsystem for
organizing and efficiently querying said plurality of Iltems, said plurality of

17.  Itains roetigutisingainfins RB@@ummoﬂmtdemtmi@rﬁmngem sutil\iebiretahces

s R A R PR AR

subty@eul nammmhlp between said third Item and said second Item; for the
instantiation of a fourth Item, said fourth Item being a subtyped instance of
said second Item, automatically establishes an relationship between said

18. foM rtiarﬂwardmﬁmdnbﬁmbrﬂseewedrdmmnmﬁipaﬂw eg@plishbt/ari reaspwsieigin an
bet n saig fourth It and sal d first It 15 37. The.s em of clajm

e SRR GRS SR T g s e R B

hardmﬁafmmoammﬁermmhcefw%mmimmmwm sdse:;asle&sfof emdwdmg)adltem

tem: aut tlcaII stahlishes re tlon for
with 4§ B e A e £ A ST R 8 8 qreie
unit obstmyhnﬁmahatlaalmbshmrﬁmmw oy saiidi s dosace{softslayeohtantaiggscktem.

instances with said first Item; and automatically establishes a relationship for
each of said first plurality of subtyped instances with each of said second
19. pluhelgystdsabisiped 18sideces. S81 Extensiont & attacihed [t seeditemcomprising
computer-readable instructions for extending an Item, said Item constituting
a discrete storable unit of information that can be manipulated by a
20. hammmmammmmmgmetmmmwdm said
tem, SARRFRIOpUABRsIar g 4 gD gl paali uded lsgence (an
xtensi ehd 23 said Extension constituting a discrete
storable unit of mformatlon that can be manipulated by said
g&&g& §W& Wﬁﬁ %ﬁm%ﬁl NG & §J‘8&|‘ g’é SBns.
ltém an e|n said Extension a so ceases st when said Item
ceases to exist.
22. A hardware/software interface system for manipulating a plurality of Properties, said
Properties constituting complex property types that can be manipulated by a hardware/software
interface system, said system comprising a subsystem for extending an Property with a strongly
typed instance (an “Extension”), said Extension constituting a discrete storable unit of
information that can be manipulated by said hardware/software interface system.

23.  Thesystem of claim 22 wherein said Extension is attached to said Property.

24.  The system of claim 22 wherein said Extension cannot exist independently from said

Property, such that if said Property ceasesto exist, said Extension also ceases to exist.

25.  Thesystem of claim 22 wherein said Property is extended by a plurality of Extensions.
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39. A computer-readable medium comprising computer-readable instructions
for extending an Property, said Property constituting a complex property type
that can be manipulated by a hardware/software interface system, said
computer-readable instructions comprising instructions for the utilization of a
strongly typed instance (an "Extension") to extend said Property, said
Extension constituting a discrete storable unit of information that can be
manipulated by said hardware/software interface system wherein said
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27. The system of claim 26 wherein, for each of afirst plurality of subtyped instances of said
first Item, and for each of a second plurality of subtyped instances of said second Item, said
subsystem:
automatically establishes arelationship for each of said first plurality of subtyped
instances with said second Item;
automatically establishes arelationship for each of said second plurality of subtyped
instances with said first Item; and
automatically establishes arelationship for each of said first plurality of subtyped

instances with each of said second plurality of subtyped instances.

28. A hardware/software interface system for manipulating a plurality of Items, wherein an
Item constitutes a discrete storable unit of information that can be manipulated by said

hardware/software interface system, said system comprising a subsystem for extending an Item
with a strongly typed instance (an “Extension”), said Extension constituting a discrete storable

unit of information that can be manipulated by said hardware/software interface system.

29.  The system of claim 28 wherein said Extension is attached to said Item.
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30. Thesystem of claim 28 wherein said Extension cannot exist independently from said
Item, such that if said Item ceases to exist, said Extension also ceases to exist.

31.  Thesystem of claim 28 wherein said Item is extended by a plurality of Extensions.

32. A hardware/software interface system for manipulating a plurality of Properties, said
Properties constituting complex property types that can be manipulated by a hardware/software
interface system, said system comprising a subsystem for extending an Property with a strongly
typed instance (an “Extension”), said Extension constituting a discrete storable unit of
information that can be manipulated by said hardware/software interface system.

33.  Thesystem of claim 32 wherein said Extension is attached to said Property.

34.  Thesystem of claim 32 wherein said Extension cannot exist independently from said

Property, such that if said Property ceasesto exist, said Extension also ceases to exist.

35.  Thesystem of claim 32 wherein said Property is extended by a plurality of Extensions.

36. A hardware/software interface system for manipulating a plurality of Items, wherein an
Item constitutes a discrete storable unit of information that can be manipulated by said
hardware/software interface system, said system comprising a subsystem for organizing and
efficiently querying said plurality of Items, said plurality of Iltems comprising afirst Relationship
that relates afirst Item and a second Item, wherein said subsystem:

for the instantiation of athird Item, said third Item being a subtyped instance of said first
Item, automatically establishes an relationship between said third Item and said second Item;

for the instantiation of a fourth Item, said fourth Item being a subtyped instance of said
second Item, automatically establishes an relationship between said fourth Item and said first
[tem; and

automatically establishes an relationship between said fourth Item and said first Item.
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37.  Thesystem of claim 36 wherein, for each of afirst plurality of subtyped instances of said
first Item, and for each of a second plurality of subtyped instances of said second Item, said
subsystem:

automatically establishes arelationship for each of said first plurality of subtyped
instances with said second Item;

automatically establishes arelationship for each of said second plurality of subtyped
instances with said first Item; and

automatically establishes arelationship for each of said first plurality of subtyped
instances with each of said second plurality of subtyped instances.

38. A computer-readable medium comprising computer-readable instructions for extending
an Item, said Item constituting a discrete storable unit of information that can be manipulated by
a hardware/software interface system, said computer-readable instructions comprising
instructions for the utilization of a strongly typed instance (an “Extension”) to extend said Item,
said Extension congtituting a discrete storable unit of information that can be manipulated by
said hardware/software interface system wherein said Extension is attached to said Item and
wherein said Extension also ceasesto exist when said Item ceasesto exist.

39. A computer-readable medium comprising computer-readable instructions for extending
an Property, said Property constituting a complex property type that can be manipulated by a
hardware/software interface system, said computer-readable instructions comprising instructions
for the utilization of a strongly typed instance (an “Extension”) to extend said Property, said
Extension constituting a discrete storable unit of information that can be manipulated by said
hardware/software interface system wherein said Extension is attached to said Property and
wherein said Extension also ceases to exist when said Property ceasesto exist.

40. A computer-readable medium comprising computer-readable instructions for organizing
and efficiently querying a plurality of Items, said Item constituting discretely storable units of

- 116 -



information that can be manipulated by a hardware/software interface system, said computer-
readable instructions comprising instructions for:

instantiating a first Item, a second Item, and afirst Relationship that relates afirst Item
and a second Item;

instantiating a third Item, said third Item being a subtyped instance of said first Item; and

automatically establishing an inherited Relationship between said third Item and said

second Item.

41.  The computer-readable medium of claim 40 further comprising instructions for:
instantiating a fourth Item, said fourth Item being a subtyped instance of said second
[tem; and
automatically establishing an inherited Relationship between said fourth Item and said
first Item.

42.  The computer-readable medium of claim 41 further comprising instructions for

automatically establishing an inherited Relationship between said third Item and said fourth
[tem.
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