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[0003] The present invention relates generally to the
field of information storage and retrieval, and, nore
wassizb@r |y, to an active storage pl atform fRPCT/US2004/024569
organi zi ng, searching, and sharing different types of
data in a conputerized system Various enbodi nents of

t esent __invention a directe o.the .u of..
e PUREF S pret it Rt R Bl R LY G b e Bepfiion storage and
retrieh8ll SR hedre phrtivalagy,ito e bdeastsiiad SBtéen AROBQRIZARY, Searching, and
BACKGROUND [0004] Individual disk capacity has been
sharigg éifferqnt Bpes @f@aﬁqt 1 aseopantsrized sysem. VrOops %@?Odlt}}@gfi of the present
inventiHh éﬂ?eckegstg tﬁjee&sﬁg? extVRR5E ikﬂ&ﬁt%c%%&fl«?ds%ﬁﬁ%?&jlk}%ed
The ¥ erendous gains 1n centra processi ng uni U)
hardvparaRo filvhi@tinteascensystanrtednamdge dithe years. Wred and
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connectivity and bandw (t ing current trends

continue, wthin severgﬁ%ﬁg@m aver age | aptop

COgnod el IndviduaP @SR 8S5hcliP HaH Bekn %ﬁ?‘mlhg heRbEly %g@t}pﬁercem (70%) per
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storage and contain mllions o and

year gy dlisylag decmle. Moovedslaw accutstebopsdistadiibnprmenloup g@osin central

Consuner e thejir ters. prinmaril y..fo . .
proc SRR Lk P RS 6P GaRT SR O BePS Srir Wir Ly rels technologies
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. (PIM .

withip sexesg)rvapidhe aeeass Aion crpiergylnosissnioagly oas derepge (TB) of

soro A SO Ao 8300 sy 9 L GAR Blome commonpace
c di080Fter Gorfsamersarsg dhxiiizdongpusersl primifilyi fogedrwnsnidatiom dndorganizing
not. kept .pace. Know edge rkers spend enor nous

persog Rl B O RS G GO SRR TR G A O THEEDH (P IV gl data or

medi® Qth a%tdi’%i‘ca? sl ldr PRé®BglaPRd. THE AWoRROST didR K&HtentSRRINEe ability to

. 15-25% of their time on non-productive informtion

store ttied rawvehytese hasvinerieassd til€misadousht; hdivewer ¢lut inpthods avadabla to consumers for

t.y.pi cal know ed rker.spends about .2.5 hours r
organigie 884 prifyihg T ec Ry kattmahe. FooBkrenokensari! tpgmons
amouinff Gt i'n@ﬂagh@giﬁd@h@ﬁﬂ% {nfdrnati6 R 2Hn ¥BAE Stuldivé @Simate that knowledge
significant amounts of tinme and noney in buildin

workengspendolin2atod theirginag on a9n-em%w%ip&r@gtéorawwam%m- Other
sl E5R FRERE S  R5ER G R 28 Gy TS g

infort@atidn. but it also creates islands of conmon data with
no nechani sns for copmon_ searching or  sharing.of that
d 09961 uideveldensss andriniosmAtiofhichiptned DsisRament inseptyenificant
RAa% 81k Bhildi %x‘ﬁ&vﬁﬁ Mofds 3808 dmfbi 481 e abstractions t
amOlIgper a%lﬁﬂaﬂislglst mh%{l\l/gﬁlg}gapp I cat T@%ng, “suc &%ﬁé% e- n%l%i3 abstractions o
represdnit emthsthingd as pepin phked, tines,cad preoys.alvet orke dpes this result in duplicated
i ndi.vi.dual address books d there is littl.e sharin .
work it 1SS SopBR o el S po S B ThedRniaat S RAT Lbrohing or
shariS&l61thBf @84, FRticoRk; ¥dr hed thinyBIdRds8 bHSks cakeXiSEEESNSH ¥ coBputer
finance program (li ke Mcrosoft Mney) does not share
runnigg dfreel¥léaasofioWVinstpyus @peraing 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 data that each such program individually maintains.

Consequently, a finance program (like Microsoft Money) does not share addresses for payees
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files in the hi eg;ggé herein referred to as the
state phihgerispT aRpEeH™ ““Fe state of the art for
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existing file systenms know |little about the structure
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-4 WD 2005/ 024666 PCT/ US2004/ 024569 stored in
i ndividual files and, because of this, nost of the
WO pdoswoeaaté on remai ns | ocked up in files that PEHUSIU04024569
be accessed (and conprehensible) to the applications
that wote them Consequently, this |ack of schematic
stored AE RN A BlksRhd ! Bk AU BE ik gxo%?gf@ﬁ%i&%a? r&ﬁﬁi]ps lacked up in files
managi ng i nformation, [edads to e creation of silos
that m@f oslgtha avtdsted (bhd temstahans®ig o tig apphcatiohdithat wehity thdual

silas.  For ex |l e, . mpny. per sqn C uter (PC). users .
Conseaw@yn%\fséa%%fﬁﬁgﬁ?rwéwgqaeé%/rﬁm@p od ergjp@ga%ﬁa@d IE%“!%‘@%HSWS Tor managing
inforn{éggr}%rlgle%% 'éf? fhfe%p&lﬁ()n bbsiRegRkLE WikeNik QbR sBsingMrhdhddBe individual

or exanple, Qutlook Contacts, online
silos. Bareaempleanidne pgreas] catiputan® Chdskre BaveBoak thapufivkdstinct stores that

.Payees, . and instant ssaqi (] budd
contaip fipgbiep e it Bieie PRy o radvint lseilels: g el Ovtook
Conta@fnliggaeotift ddAessees RAlinidR AddRRS B4k, QisktencPdystd, B instant
file systems utilize a nested folder netaphor for
messaging ANk budgly flisisesbecawsg orgrniringsfilea grosenis » sigpificapschpilengg to these
1N - . | Samio
re w RIS EEA DRERFPIA L RTINS Ao praanin s
and fohRex aEthequiriber cfafiles inotpasdsithseffirt sécesratyi tonsaintatn awargshization
be very .useful to have nultiple classifications of a
schemgilhgh ol iblg ang) 6GStREH DecOBIA GUIEFUBRE 4B FECh SifHREORS, 1 would be very
useful 8 have Meltbld @asSHRLESR drd s e SRIWRevaR Qs bt ot dofitlRiks in
mai ntai n. [ 0009] Several unsuccessful "attenpts to
existimdile sgsemhs combetsomeiand difGifulf fol maigiagt. ens have been

in_the past. S of thes reviqus attenp have
OG0l o s v RiSieesR Rl Grplant 1 AR RS R AT Bt i 9 ms nave
been AR @€ FastTESIIRNG SHEMRERENS HBinBtsHAVE thvdB/ed CEeseed chiytent
content rather than by physical address. However

addressitds mesfdrpa providea mycberismuvisrebyalaty qouldacacgessed i Fergent rather
cont ent dre r r -

N

conterlTRAAGEIIBRIm by has brvee ustal for stasll-fwaite webyaesicssuisithas caches and

physi cal storage nmedia has not, yet_ bee ossi bl e for
memogy PARFESMEnbRNijse Egmacalegieg fanflgricssygh gs g&rﬁqaﬁ sigrage lzﬁl)qdi,a has not

yet beglgﬁésg{;)gée fo?&i%gfty%l?@arsons‘?&ﬁ@fm Suchs sﬁg.letf’aﬁjk;sg‘?ﬁl?%)iﬁﬁgt @dist. Other

systens ave peen ma hese
attemystt usinpbbject-ovieinterl datebbiser (DB} systumsdavabesemade, but these attempts,

UL A T TR S —

effectRBGn ARHHIR s HE re??e@:ﬁt_ﬁt?&ﬁ ahfl 80 WA B8 cpBidtd T @P&ad, eMttncy, and
sinmplicity of the file and fol der based hierarchica

simplisity o€ therfde and folder hasedhagrarchishl siaetarg ittle haydwaresspéivarg interface
| . Qth ffort
vy S5 Qb S AR S BB L SRS e

derivaived)epotéEriteupitate e dt Agndling dilandd manfileirb@resentations but lacked
representations but | acked database feat

databite deserat peacesany fo QT ERRIY, oTBRRAN LI H7a (4R To|atipBshipighat exist befween
the va{ril%}xgéétg giz%l @ﬁiutglﬁfﬂle SXtal eﬁ&%@?%f sﬁ&esyyt@?x% Q3 uﬁ?&c@;t)table. Yet

e overa I Clency O such SyS eng
other w@snpts aceRBall @nd Yeter swhivperating sygiiss tescanshy pBeE8 t¢ hethadequate

her h ratin r rch) praoved.
at haq%hgg gala-ggeereg egene%etltkong—s’[ 3 ga%lr{ascorg gl%%tcgmzn 0 a%glotngl gl% systems—




at handling non-file representati ons-the sane core
shortcomng of traditional file systens -5 WO
WQSHDB4666 PCT/ US2004/ 024569 despite bei ng BdI/8S1004/024569
adequately represent files while providing sone
necessary database features. [0010] Database
| ch SI

desplfe%%ﬁégir‘t])i)egté ag%\?a@qu7 pe%?es@ﬁtefﬁeé){/hﬂggﬁ] 9 d‘in% %) NECessiy ¢ a}fa%ase
:&amﬂatabase nodel has been a great connerC|aI success, in

truth independent software vendors (1SV)_ general

X s @%a‘%aﬁfateph%ﬁ»&x isaneher area 9f the eyt ah‘amcb;slmﬂar challenges exits.
For e)?a\ﬁ? %%Fe th8rd1& O?lta %&?Aa Qﬁ'ﬁ)@a%?bé&fa{ %tecoﬁfn%il&ﬁ% sticeess, in truth
St 0 an

crosoft erver). Instead,
indepenpieint sdtwane ’vmdoni @8y genprally ekbrcssa cafsrrallmoctdnmctf thcsfulnntlonality

et P BB o S o B ek 7 ) e, st

of an hRatieh R irfterhomd withl ﬁ&@fﬁ@d@g DA thSfoRR S Kip1E €88@hnd “puts”
at ofteq@goes unnoticed is that the dat abase does

Whﬂmtht:re aiee suwhern ofyegstily\apperentieasonafar thipstshelcas boing nlhtdarmor
databzri]@ %B?Q%—Vé%l% y?‘gelofl ?h%]& 53&1 é’ %rs] %ﬁot{ d 4 ﬂéflﬂgg gg’t]'gtbase': Qbes not

I ea has no

necesselrﬂy‘. pROvidesthie bxm ab@ﬂd&ﬂicﬁﬁ‘&lﬁa& a n@f or blfsﬂﬁﬁssapphézﬁioﬁﬁ@n&wrtrbally needs.
an aqrder's enbe l'ine i in and

of

For exayanigethilsde rqaéwaflﬂélﬁ%the@atl%a% égemSomuyh 5] qustoerse gy orders”

(alongtmt?qaaglo &r%@%ﬁeﬁ%@i «{RISEAYE0HLYs 1n"}4?1'dlo? tﬁe{ﬁ%elves}, relational databases
pplication nmay desire to have aspects o

only talknisitstresd yablésandirogs. €ewsaqudnyly, ‘alde tbne applicygen magtdesiteeto have

ane a eneral | y. dat abases
aspectyhpracienras ok DR, ot YoM BT R R T TG e a o),
generdiy hﬁaﬁégesspraaﬁaewsk féahﬁ@s onlf aﬂﬂ@ Publd/R% BOEIS W I@l@iﬁ' e work fine
a single rowin sone table 1n the database, in the
if each dism gets mappedder single lewnin|sping It@ler inrthe fatabase.tindhecasmgf an order
i B R o T AGh ko B BT et ot
tablesSdndPivBer leis |t1@fﬂ@dse dné sibpierehyi 8hzﬁf&adl©@§e $9stemtidiet ﬁot quite provide the
provi de the i ght abstractions. Consequently

right afyseetiansi &Qnmgpntbu an @oplisgiien wHstiygd é@glt: e tmféb%%ahaée to
prov1géa fs?l?é%:edl?aes{ rht%§ a&%ﬁé C%latﬁﬁ%‘g)gog-&%o pars 83'6 E&%ﬂ f%f(?ces ‘hgfaprowde a
sufficidna plaoform far st&hg&‘ afyintoén hich hcghemvem;ipihg:hmns Icm/edsﬂy be developed

applications c easi |l y. be deyeloped . b cause
becaugh Qe DA FEIPR QI MORE %Ff‘éadw% of mdjregign fn? @plicgtipn and the
stora%é%gﬁ‘ﬁﬁﬁ _viHefe BBREMSREd s@ﬁcﬁf‘éj%fttﬂg datg b gﬁgﬁlﬁ(ﬁ@me whes @pphca‘uon
semanti c structure of data nTght only be
in cervdiss irlstapcésn Whide squpd datatasovendors arebuidding hlgbclalnwiunctlonahty into
their %hﬁ?tf'ﬁgﬁ ia%;i g}o%ﬁﬁ 3 eol%ﬁﬁcg e Eltz(?% & Jlftlgi'g% %ﬁ%&%%ﬁ%’lﬁaodels and
the hl@ﬁhl%ﬁé h&® Rk t@g&@hd@@ﬁ@lﬁhﬂ bt @ preR@ive SO RIbA ﬂ&éd@ﬂ akhere a truly
nodel s, and e |ike--none have yet to provide t he

comprgheasivg sodwfinyy i wanuihicd psevides hoth nissdclata mpral absiragtiqnsy(such as

c‘ o) Y »i r

e TR EAGTRL Y SRR, e 0L R MA R o o

“Persoﬁs;’t dnsatiois,” “Evdatsdtdétanshi ps, " and so on) for useful
domai n abstractions (such as



"Persons," "Locations," "Events," etc.). -6 WO
2005/ 024666 PCT/ US2004/ 024569 [0011] In view of the
wo eegoicng deficiencies in existing data stor apEer/asa04/024569
dat abase technol ogies, there is a need for a new
storage platformthat provides an inproved ability to
or 1126 r share..al - 1. . '
cdBTHE g0 of e BESBRNE e Blciod AR, aRTHPrR oy dgrabase
techrdicpedethsrd i@ nded for @l soragdelyidnth thei srovidgs fn Ingproved ability to
systens and dat abase systeps, and that is desigqeg to
orgarize, spaschy apd gharg all fynes Pﬁaé% I CPaRUeT SYREMmasiapge platiorm that
exterldd ﬁﬁ@ﬁfo%ﬁens&ﬁ%@&tg gathﬂh Befd ex[sﬁh@%i@%lsféﬁﬁ%ﬂ QBBbase systems, and
I ncorporated by reference earlier heréin, satisfies
that it designeded be ke paretforcall tapgs dfldeta. Jihepersenti invenipncogether with the

ovi des net hod ext ensi on. apd i nheri.tapnce for .
rolat e i P TSP L o TR AT ST O ey B ey fruggtoular, the
presedY &8 onMOR melHB8d 8f extédiioh@hll @McRGns ¢ FoFRb)ecRAMIiSIESed by a
an overview of various aspects of the invention
hardwersseftivers interiepesysteit-ext of the rel ated inventions
i ncor por at ed- by-reference earlier herein (the
“related inventions"). ThigniARRFY is not intended to
provi de an exhaustive description of all of the
i N[Ol 2janThagpieetisg afmhitg prowidstan@verview of varthab mspectsiod the
. scope of the_ invention. Rather, this su ry.is )
inveRtigpeegrater 4 gl&%ﬁe&@éﬂe TP RYER O QTR Ay pfesggoe carlier
hereid @8 4 dkte® hvaRGors” HUMAS strh@hry(i€hdQtend QOB Hrovii€an exhaustive
present invention,” as we as the related i nventions,
descapteoncdlalledtheimipordnt aspeasiof the inyestiay, agetogleding drerpepps of the
. __Qrganj zi ng,.searchin and, sharing data.. The storage
invergjoly ot pis gAY BniePdvd Qo 4R oA B g e dctitled
descgﬁmpﬁﬂqigu@& i eBel,. of data storage beyond existing
file systenms and database systems, and is designed to
bel0OK3] sThe present inventions gawelias therralatadanyetians, are collectively directed
truct non- St. I e
to = fipdepifin Lyoflalib Sl R0 My S B AR OB form of the
presé® iehS@seaeriRtaad dtcadens thepomesprdfeldtacorageladyahd seisting file systems
engi ne. The database engi ne conprisgﬁ a relational..
and dpaabaprsisicatiy pibls dRFighedbBbede sRiedpr BhiPee inglyding structured,
non-diRHad aor%&zﬁ{-gtr&cmjeﬁﬁ?tﬁ.t s a data nodel that supports
organi Zation, searching, sharing, synchronization, and
sef0oti} y Thé stedga pldBfoemidfites grymesinyéntetcamgriges a data store
. described in schemas, .and the platformprovides a .
implBehHh PG GBS BHITSL ALC S CRBHERRBPEGS aur /el fghase eneine
withlobREEretiof At idr8RRgNThAd ALY stoHIpReSerd 2 §4€ nloAsH Bal HPESHts
provides by the schemas). A synchronization )
orgaiaptityi, k¢arshipgshiving sehtdnizaginmrand gewrityl af datandprgifisstypes of data are

TS B B8 PRI i SR e s

defindd e ©pesdf daga (ebdedtially 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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systens but without the limtation of such traditional
file systenms. A change tracking nechani sm provides
w0 b@sabiché ty track changes to the data store. A¢EUS2004/024569
storage platformfurther -7 W 2005/ 024666
PCT/ US2004/ 024569 conprises a set of application
compHEé%gfs%m)f Jﬂpﬁﬁe{t%ﬁﬁoé{gﬁtlnﬁm%s%eﬁ RRAHIE Qg%ﬂh@ﬂ?brfs% 40631 of the
of the foredol capabilities of the storag
foregcpmgtcapabthtm of the salrws;ﬂatlfdrm zmitta adescihi ldetd desr:rt‘deé in the schemas.

AT G B o Embip P o8 ot QR PR ¥efil o7 o8t orage i

termsiof @Ehs, @EBERE A reiEbrisBipat AQRGH B9 unfNdf HAte Ridksb1@inUNddta store and
of data storable in a data store and can conprise one

can ceSppIgsracr arpsp elemanid apé rdatiopalins. pAn elsmest s anstinse gha type
comp%lg}lﬁg gﬂ?g Iglff)fee dél%.?ﬁ}qsg ?‘gngE% 120' ﬁ]aegelg € 8{03}’)%8&% A reﬁatmnshlp is a link
betwees hab iitems.h (4 iised deteir) khesd e d\ether stp%ﬂﬁb t@n® maAyAR ddp@dlized in order

her ei n these and ot her specific terns rmﬁﬁ/ be . .
to offgel ﬁ?%ﬁpm SrieIgIsdised Iy JoSSIrQEmItY hRGW §vieh M o iptepnfign

i

whats:dﬁfﬁg rt]c;) ?1(_3)%11@3\/\% %‘gééé\?gé 1tal§%st %ﬁﬁg Slgt kg ngt Vz%gd iR _same term when not
capitafiapd, teeg..i “dieth”t @rdmo scly dlst'mcttmm shomlddbemmumadrer hnplmdvm en

n talize e, "itent, .and
01675 P Rokp B sveisdh Byret bbrsEe f oIy R e fem
consti@@BPA! HRErefe)ssdratie it b Rifoleiidh kISR SarfbdPhnbiiphlatcy vefa | t ems
where each Item constitutes a discrete storab e unit

hardwgte/soffveraiiteréase sygem capluppdityaiiten Falders that canstitute an orgamzatlonal
t
s P 0L Al AR B At o iy o
ItemsSihd wdiettie edohTtcpabelongseont lead 6naltbmrm>w end et balolg to more than
i nterface systemfor manipulating a plurality of
one Itpmdipldeing wherein each Item bel ongs to at |east one

AT A0 Y O BBAC bRty R e kbR uparmically s

oppose:d tebsngegineddompa pedistbnh sintec &i btyemordaphmhadmm/sbﬁwa@ interface

|ve from ent stor In other words, th
systerh SPER i ap L G o o Paeeh S8 corofhy SRR B UTRG such as the
ability PAdmubfeaté Hf%'@uﬁ‘é‘ntss%%ﬁ@emsed}Qh& S4ilii 10 r@R6v Al 1‘9&15 gRefl its identifier
supported such as the ability to enunerate the
(Whlcb uﬁ- mere fullgdesstibed aritbe wctmn%thabqldscmlgp the appdicetietyprogramming
[ de tifier

mterf%c 8rr ‘Q%]é é)l% .t}he St%?{ég ttf?rgh f?lﬁ%amé)i & 8? F%gl r{”ﬁ%y !)e the current location of

a cell pApnd Grahé RMmpRfAEE aeadinylon mteﬁfpte@mﬁe s@lsoAPIe 10k dW 816/software
storage platform-- for exanple, an Item m ght be the

interfaGerSy SR MECREPIBaista PIATab! 9! T anchimay fisther pqyaprise ieans
1nterc5&?é3{e;a%ﬁblﬁra§1§nmﬁﬁt}gn§m § uégeg-{)gl N Pﬁ?f%ttéevni@{e?face

Inter system nmay nmani alilty o
systerand may further conprise Itens interconnect ed by a

pl ity of Rela |ons.hi managed by the
PR o btn i R Pieaes Mayet Bk tger system further
compﬂ%s%%&@écﬁ%ﬁ‘f@ﬁ&iﬂerht RF bB&Re B¥DE FMdhQhid REICRERYEREre inferface

system furt her
system understands and can dlrectly process in a predetermined and predictable way. To

mE




conprises a core schema to define a set of core ltens

whi ch said hardware/software interface system
wanaensteeds and can directly process in a PCT/US2004/024569

predeterm ned and predictable way. To -8 WO

2005/ 024666 PCT/ US2004/ 024569 mani pul ate a plurality

manQhd ST O e T SRR SR BLSa b Pty of
Relaﬁehﬂlﬁﬂscdﬂﬁhmmg@tsaidﬁelﬁt&ﬁﬂhﬂ@ﬁ e/ the hhndaate/dofinekd R€@face system level.
system |l evel . [0019] The API of the storage platform

pr mmabs ThgAdl @f thestarageqlatéorarprovidas date elassee fareaeh igem, item
extexgﬁngx}, 1@%{1 ?él%tg%l%g QieﬂzF 3%’ ot of Qgriaﬁg blagénﬁl ] aﬁ’gﬁ In addition, the

applmaﬁ)@t pﬂafg‘iangnmghlﬁelffam@rmldw zdsﬁ ofifrsatwork classeyeigtrdéfine a common set
| asse gﬁa (ﬁfl ne ommn set. of behaviors for the
oaéhse ta

of bpayiere ¢ %to@g?th@rww the dareelapaesapravidsdie basic

[ S
progBEN e 354 RorE DAIGHITNNE ROk rLORIARE S0 cs
Slm}éllﬁmi Iquﬁwemodq:bé?rayenabteeIapplimtlompmlgta@mnapm formtqueries based on various

0 uer.i es base
propf R8P PR e redlalf S i R E b P Bt Bepplicnign pmperammer
fromt thatletaS of Ak gerly mﬁlg@@g &faRé hﬁér]!fi)hfggfaﬁdﬁﬂﬁ engfeOMhkR®rage platform
details of the query uage of the underﬁylng
APT glsp splhects dapgsdo arrpfamgn eangipati¢asiomproRm and ghen organizes them
I [ n

into ﬁ‘% Jo?r%& gﬁ%@?ﬂe@ﬁlrg@ b aﬂ}ezctaga@%%aengm%x?rae{ﬁyﬁ{gﬁ)% %fr:s?éljgge engine) on which
the dapc@dsxe?.s ingsletherereld. U}?hlh hﬁa‘tﬂi@taprOﬁ PEY ghEners tamakkichghges to an item

f t t he dat t
in g L &t S RBISH B LA e OB 00t ABer s ¢ 0
hﬁyz@rafiﬁfo%fgh %s @BmhdcBtork f&ﬁﬁ@a‘%ﬁﬂn aﬂméh%rdaﬁ cfhga kistorage

complexity of data store updates to the API. [0020]
platfghm ofithie prtssntaovmpnsnd:rlagaofemﬁﬁdmtl appliGetidn slchéqr;anem dat consumers,

o bR S L e RSP RSP i

interf£20 $hHTBbOSonly Kﬁﬁ&ﬂ SAUS1¥WRHkRP §)1ﬁtrkéi i8R &xt B 1t§ 8Sta middel, but also
offers a rich and extensi bl e ap ﬁﬁl cation programi ng

embyagesedrfdeazéentdh existig ﬁl@rswermnééa £ lnedssemetheds.

crbPaLs Viin SIREHGRS o Pty B Bue ) Bpsmiltleyfniong esorived n

detaid @C8&3iofiETl tHS Defall@@ Diesdfy 1bhﬁ the eesedf int &itdnay gieatflehily girected to
structure of interrelated inventions (described in

the yge phEKtensionsde extsad iﬁrncapn%lmé of¥éer jand Brapesy: £0sei asyell asri@ the use of
{
Inheggaﬁégfbefﬁglﬂgaﬁgéiiﬁgﬁgfx &gﬁ% ﬁ%u nlgt%?% %aﬂ%)ﬁ %ﬁ?ﬁ?{eg%e% ftgrﬁ s HRScribed in
detaiProPentioy [Hyf &, DetsiladdDéscaptid) Ohleer lfwuresf and adventagarufehe invention
o facilitate effi nt. sear and or ani zati on
may,iemae SRApE o o eTiag fetaded Jeheraen 21 Fha - Sion B
- acco ﬁﬁ Hhsvi ai l ed Description) Qher features and

a vantages of the invention may becorme apparent from

t he follomnng detail ed descrlptlon of the invention
and acconmpanyPREEHDESGCREETIONN BF DHERRAWINGSF THE

DRﬁ‘WZ%@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
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[0022] The foregoing summary, as well as the follow ng
detail ed description of the invention, is better
waeaensteood when read in conjunction with the BEpEsed024569
drawi ngs. For the purpose of illustrating the
invention, there is shown in the drawi ngs exenpl ary
Variom?gdtygf‘ﬁﬁ iﬁ:(/fenfigx} 20051 Q24R8 G0 gﬂo%@t@é 4(%%% 3Pific methods
various aspects of the invention;, however,
and instruerehtatities discloted| Imilteellawiogs:he specific met hods  and

[ talities disclosed. In the dr W n
1023 e *5@&3%%41%@?%9%%}1 SEREPHBA BaTyRYHCH aspects of the
preseﬁﬁﬁ%‘izé{ﬁo'nrinéy\:&ecﬁc gdgs of the present invention my
be i ncor porat ed,; 00241 Fig. 2 is a block diagram
i 1[00RA]r digrdisa tdmkp:hagamsymhn@avomwex $itstem @ivisigd into three
compﬁggrg%c?ug);sso Fgal%vvart hot%épp Ak dt\/\ﬁlre% C(f\);v@é?yo%are EL{?erface sast?rH component,

ware I n em comnp

andthpﬂlGﬁIdﬂ@iO@éﬂ@h&ﬂi@oﬁ@ﬁponent 10025] Flg 2A
illustrates the traditional tree-based hierarchica

stlPORR urldes ot usirates thetdigienal treerhaserbigrarhical rpcdire Spnfiles
Fi 3is a
eroulefl E R PATR ARG BOh R ShRTine QXL Form [ 00271
Fi[g()26<} i Figudisradileck dihgramtitlusttatingh stoed@tljlajfwimi, p bet ween
Fol ders, and ories: (002 .
| S8 g LG e Pl TeORHE beoek [Pusgfim olders, and
Cmﬁéiﬁg1 [0029] Fig. 5B is a block diagramillustrating
he conplex property types of the Itemof Fig. 5A
1000628l Frig. 546 4 blogk digrain iflustrptiagthd stusturaet aglterne

B e 5 T P ot D G B B e B8t Tem of

Fig. 34, ustrates an Iten1as a subtype of the Itemfound in
the Base Schems; 0321 Fig. 6B is a block diagram
i 110039]r aFignf ﬁ?eb@%@w@n lﬂlémaémg they Logatioph dcst WhPrtegl its complex
itly listed (in addition to
types; a?gﬁ{ﬁr?%}’gg?sg%@&%@eg%?ﬁgé@ [0033] Fig. 7 is a block
di[ag3Em Fik| twsmm;tr'ang ath temBa aeulByhe ofthe Behudingdin ths Blaw)Schema

P Eone. & 8o wotE Rt D5 Gine Fut e ohin er ShiE: 6A Wherein s
inher?t@(p%%s ﬁe%xpl%lﬂl Hstld Ph%@!ﬁu@h aofSMhedise bFpettng); | t enms

Scheng,; Fig. 8B |sablockd|agram
i 110033]r aflgnalstaﬁﬂogdf dipgnanyillusiyséing ithe Base Scheraa Behveing its two top-

level '[gga's%g}p I%gl %gl:,%gpexfleo ek déﬂ'%rat%ﬁqgfolnglﬁase h@rga ?ypeg (tle ved

therefrom;

[0034] Fig. 8A is a block diagram illustrating Items in the Core Schema,

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

[0036] Fig. 9 is a block diagram illustrating an Item Folder, its member Items, and the
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;
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I nterconnecting Rel ati onshi ps between the Item Fol der

and its nenber Itens; [0037] Fig. 10 is a bl ock
walc@gnamsé | | ustrating a Category (which, agai nPCT/ESZN4/024569

Item itself), its menber Itens, and the

i nt erconnecting Rel ati onshi ps between the Category and

| td?}){ge %g b]lzli'f%@agrfxéglg’%i Ta g%)g/r iréégcge(stgp%plgba]r% of the data model of
thesﬂoka{éqé%)llartﬂ;hmng a reference type hierarchy of the data
t he storage ﬁl atform [0039] Fig. 12 is a

di [283%m Fig| L%tslraedmgﬁgmh wiieEnghow reliquships erecilassidiedi ed;

: 8@6% C Zif- %o%ﬁlﬁec ngllﬁg‘{l i 004 ]l’héﬁﬁ‘“raﬁ&h %Cﬁlam%n i’agr am

i 1 10041]r aFignts Bra dixgamliBustating int Bxanvpde i @RisROY6 GBsadtichs are both
hoth i nser&l ng.a new record into the sane B-Tree;

msertneﬁ)ﬁgfw Eregrd g0 theisgge Bae€: a data change detection
Pr{@64%S: Figl pﬁﬂl%]strﬁega RE cﬁzingH %Et%&ﬁcﬁﬁpr@&s@x enpl ary

directory tree; [0044] shows™ an €xanple in
V\H|0@413]anF1gx1(sﬂ]uakgatémmpiamddeotmtmey based file

sy i S. d into the storage

;OB g Ph e et i e Bl T e ieloni-based Sl
systeﬁgk aheved inltd @todo %@plaﬁ@m& Hathlstbfat es the basic _

architecture of the storage pl atf orm AP ; [0047] Fig.

20108¢Henkigi Ehillugtratesihe senaent effeonjaimmeniF dldmigonent s of
BT s e P 1 T,

sclioe4®;, FigOD&hemagcal®kEpresents the edrivus abmpemrrn&sﬁrthaﬁbmge platform

of the Elenents for the exenplary Contacts Item
APl stedkema of Fig. 21A; [0050] Fig. 22 illustrates the

lleu[gbhsgg 1|f1 FEARY A‘p19ﬂ‘ontaﬂ%gl%géfﬁﬁﬂ>% of 'a?teic&ﬁg‘aﬁsp A?rftacltpﬂéill]schema

| ustrates the execution
oﬂ@ﬂﬁ]i alfig. 210952 pifiogal i2gresdntaimnrod thesEleinentp fadbs sxdmyplary Contacts

platform APl classes are generated from
Item?ﬂ]@ OgntFo gq »at f orm Scherma; [0053] Fig. 25
i | jous6]r aFlgszﬁﬂﬁlﬁﬂi‘ﬁgﬂh@ Runtih S RarBekbrk @ A stbrigdpIadeim AP

[0054; Fig. 26 is a diagramillustrati ng an access
ma[QRS lor Figt 238 atratey thg grecutien of @ tind plIY ppwation; [ 0055]

PS%]Z el%%afll ﬁlugiiratgs th :Bgore%gs b‘%/e\%i%ﬁ §to?ag@ %\f\ﬁt%o%%%lglcc"i‘allslsé/s are

Security reg
generated from the storage platform Schema;

[0053] Fig. 25 illustrates a schema on which a File API is based;

[0054] Fig. 26 is a diagram 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 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;
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bei ng carved out of an existing security region;

[0056] Fig. 28 is a diagramillustrating the concept
w@booam2466€m search view, [0057] Fig. 29 is a BOCBHYRENI/024569

illustrating an exenplary Item hierarchy; [0058] Fig.

30A illustrates an interface Interfacel as a conduit

oty L0 S SR BB e B RSB B A St 1L and 12 which

enableGR§iShd Eecgmd 308 tdghitatsrodtaggstam to Bérafnuakatcasa meakd i Ng
i nterface obfg(gcts Il and 12 which enable first and

sd08ef] Joge’ Weiishittes baw thesagtiomprovideshbmutiias tice Ijprface] may be
s SFAHE vl A0 e o WS BLER AU B B b
Interfaomillé,rlmtdrfaee d:6mrun| cat| ons of the interface into

gyl ces I I nterface 1B,
| obHa el B58aps g Meifor phavnel Sufaiiet Femay be
subdiﬁfiﬂéﬁ'iﬂt@@mﬂﬁllﬂ\é'lﬁ@ﬂ‘a&kﬁIl?f‘ﬁﬁfiﬁ:ce 11 maybe subdi vided
into multiple interfacés fla Ilb, Ilc; [0062] Fig.
321A062]I user ﬁﬁe Hlugtrateen saehariovivbere aanmatglen:g paremeter precision can be
can _be. ignored or repl aced with

ignorgnoa rag'rlC (élgrsalgﬁg?’%rpar%%s] Fig. 32B illustrates a

S qﬁﬂﬁﬂl CFiph3IBRi RiStrated £5deAsi®o Whert @R id6@stely replaced by a substitute
substitute interface that is defined to ignore or add

interfaes A dplngdfodgnarp prrddpasmten b miglacgsa
' gbb@ﬂ r eﬁlg%ﬁk ﬁﬁfs‘ﬁl%%é 9 sé@ggﬁc?wﬁ drlsatl S?Ekﬁi ca%dfeﬁments are merged
nto a u

re nerge I'e contalnlng
into mo&ulepﬁﬁﬁlﬁ}ngﬁhqnbaﬂﬁ illustrates a scenari o where
inline

bl ot H s St Sxcehiop e P ol of e driice mey be writen

inlind 1%9)6ﬁlotfe'r Qnter’ffclé th kb 54 FRERA oM @ne or nore pieces of
m ddl eware m g ht convert conmmuni cations on the first

i r{ﬂ%ﬁ‘] adégt A dhistoatas hove one or wows pogcesof midiiléware anght convert

interface Fi Q. trate code
comby BB & et Rk B it B AR FrmdE Y derP 8 aBeriaces:
t HeoeQMRiB] 348 {iRBEatts BIW 806dd d@gﬁeﬁt&ﬁﬁ bR htrddueeswith ah Merface to
functionality to second and third interfaces; [0068]

receivd e cammunioafiens fiera onp sveriack byt trangmyt the funskpnalisy tosepand and third
mteﬂg&&ht convert communi cations from one code segnment to

anot her code segnent; [0069] Fig. 35B illustrates a

JI[00683t Mg, 3FA filusaatechd Y juse-titneRgmiler OIT)might convert

i nterfac may be applied to dynamcally factor or
comngieatigng goﬁ‘l g code PRt torqngthet code segment;

[0069] Fig. 35B illustrates a JIT 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 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
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[0070] Fig. 36 illustrates a series of interrel ated

Itens and a subset of their Relationships; [0071]
WO-2@5/03i666 i | | ustrates the shortconi ng of standeeTUS2004/024569

subtyping of an Itemfor application specific

pur poses; [0072] Fig. 37Billustrates a parti al

soldt-.0n 40 | ens L an subt ypi ng;. and -

IR 5558 D BB e bodi-55hS6Ge Priaty S ediigh fisxeend an Tiem
withi dnl RigértstireBatde diseindieed sepatat® frotnCorls@ $1841E, ah8 VIR ehaled Pmulti-

extend an Itemw th an Extension that is distinct and
typingfynetenalifs- om Contact itsel f, and thus enables a

multi- typing functionality. [Remainder of Page

Intentionally Left Blank] -13 WD 2005/ 024666

PCT/ US2004/ 024569 DETAI LED DESCRI PTI ON TABLE OF

- CONTENTS 1. | NTRGRbkA Y of Page Intentionally Left Blank]
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| NTRODUCTI ON [ 0074] Th& subfBevicdgs-based spnfligle present
invention is described with specificity to neet

statutory requirement s(P) Howeoestirainthasedesplicst i on

itself is not intended to |limt the scope of this

patent. Rather, t#e i ntenflistRropessiBgeontenptat-ed that -
the clained subject matter mght also be enbodied in

ot her ways, to include(@iffApiontatis Coplichreselghibh nat i ons

of steps simlar to the ones described in this

document, in conjuncti® wi €pnfbetlerggbitesent or future
technol ogi es. Moreover, although the term"step" may

be used herein to conn®le dretilictanspestienansrssajption

met hods enpl oyed, the term should not be interpreted

as inplying any particWar @euisrgeanpaireplicasand@epagation of
various steps herein disclCestictiRésebsioand except when
the order of individual steps is explicitly

descri b2d. ASyrEKFEMPHARY (COMRUEENSaEdN RONMBNE .[..0075].............
Nuner ous enbodi nents of the present invention nay

execut e on aaconpdymrServieesyy.....L..and..t.he..f.ol.l.owi.ng.....ccoeeeeeee.

di scussion is intended to provide a brief general
description of a @0t aBhagedEmometatiog...envi.r.onment...i.n..............
whi ch the invention may be inplenented. Although not

requi red, vari ou@)asp€himgedpplibtionnvent.i.on..may.. be...........
described in the general context of conputer

execut abl e i nstr@jti oQsnflistRésohsionl.ogr.am.nndul. es..................
bei ng executed by a conputer, such as a client '

wor kst ation By a Adspterimplenaitaiony....pr.ogram.mdul.es...............
i nclude routines, prograns, objects, conponents, data
structuses agetutibe..l.i ke.that..performparticular. tasks....
or inplenment particular abstract data types.

Mor eovey, th®lahapeghilitpn..nay..be..practiced w.th. ot her

...................................................................................

conmput er system configurations, including hand held

deyi CesSTRAWITIONALIEEEEY SHENVINT EROFHRBOGeysor. based .
or programrabl e consuner el ectronics, network PCs,

M Ri CONPUORAE PBATFORME Aqgnput ers and the like. The .. .

envi ronment, program nodul es may be | ocated in both

| ogal apdprre(MilgEIENDLY. Storage devices. [0076] As . . .
shown in Fig. 1, an exenplary general purpose

conputifg SyRL&M ERFMHIPFHHA........... et

2. TEEM TYPES wevrrviiieririeceiitcitst sttt
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war@s@2ey6t em bus 23 that coupl es vari ous systROT/US2004/024569

Iv.

conventional personal conmputer 20 or the like,
i ncluding a processing unit 21, a systemnenory 22,

conmponents including the systemnenory to the
processing unit 21. The system bus 23 may be any of
sever al typeg_g% % tructures -19 WD 2005/ 024666
PCT/ US2004/ 0235 a8™1fH,

controller

(BIOS), ,containin he basic routines that help to
transfef inf ?Wﬁ?&bi

|nclude a hﬁhd .di sk drive 27 for reading from and
mwltlng to0

drive %8 readlng fron1or witing to a renovabl e
magnet i

read$g34fron1or witing to a renovabl e optical disk 31

I8 Rem- or--ot-her- -opti-eat--nedi-a.--the--hard-eoee

di sk drive 27, magnetic disk drive 28, and optica

di sk drive 30 are connected to the systembus 23 by a
hard disk drive interface 32, a magnetic disk drive
interface 33, and an optical drive interface 34,
respectively. The drives and their associ ated conputer
readabl e nedia provide non volatile storage of
conmput er readabl e instructions, data structures,
program nodul es and other data for the persona
conputer 20. Although the exenplary environnent

descri bed herein enploys a hard di sk, a renovabl e
magnetic di sk 29 and a renovabl e optical disk 31, it
shoul d be appreciated by those skilled in the art that
ot her types of conputer readable nedia which can
store data that is accessible by a conputer, such as
magneti c cassettes, flash nmenory cards, digital video
di sks, Bernoulli cartridges, random access nenories
(RAMs), read only nenories (ROV) and the |ike nmay

al so be used in the exenplary operating environnent.

Li kew se, the exenplary environnent may al so include
many types of nonitoring devices such as heat sensors
and security or fire alarmsystens, and other sources
of information. [0077] A nunber of program nodul es nay
be stored on the hard di sk, magnetic disk 29, optica
di sk 31, ROM 24 or RAM 25, including an operating
system 35, one or nore application progranms 36, other
program nodul es 37 and program data 38. A user may
enter conmmands and information into the persona
comput er 20 through input devices such as a keyboard
40 and pointing device 42. O her input devices (not
shown) may include a mcrophone, joystick, gane pad,
satellite disk, scanner or the like. These and ot her

I nput devices are often

-18 -

al Y aTmeEnory” ‘bug-ore ranTy ...........
per nd a | ocal bus using
any of a vaghetykg?g bﬂg%?wp?g%tures """ The system: =

rocess momor ( RARR eSS RHE 4 GRS put -system 26
YRt ween et ement s wit 1t et g
orbr e WA BE TRNETIBNELHEY - conputer- 26+ may. furt-her
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connected to the processing unit 21 through a seria
port interface 46 that is coupled to the system bus,
whodosoeisebe connected by other interfaces, SucPCEHESH04/024569
paral | el port, game port or universal serial bus
(USB). A nonitor 47 or other type of display device is
L al $R &hg o the systembus 23 via an interface,
suc as ‘a vi deo adapter 48. In addition to the nonitor

2 0 2 CT / S 004/ 02456
oML, 38 SRR Re R R AR e el SOl mecircty to meer

statlﬁ@ylr&ﬁﬁre(rféﬁts SHUWW):E tIﬁelde@cr&}ﬁwnS@@lﬂ%Q{o‘ﬁ 1&&&116@% Oit the scope of this
The exenpl ary system of Fi % 1 al so i ncludes a host
pateny At ntgs mvsmrq havesapigmplatedythatdhe ¢lameqdisabisc{sagirymight also be

emb?ﬁgd ﬁ‘g ég?rr\g L?g,ngogﬁlﬁg%@lgﬁel%flﬁ Et@%:c;rgcg}r%) (t:lgrgrs'p ufgg&)% %B—Sﬁjarttg the ones
descoped it thisidocamerstt it\mohjidc@mwmb ptienpresisit pgfuthire géoh@blogies. Moreover,

lthf ORI EB nFER Py b HodUeT SRS Eoels ADDRER S9hRy o Hecinods mployed

the t&MOSIRANd R}HRANRIpr&OI RS lying ﬁf?é’rﬁ&ulmaorﬁ%n%ng &t between various

network PC, a peer device or other common network
steppietein dw‘?lpSt:@pmlcw anyl exeapt wihes theemgerof individodl stepe is explicitly
dﬁwgtgpents descri bed above relative to the persona

uter 20, although only a nmenory storage device 50
has been illustrated in Fig. 1. The | ogical
connections depicted in Fi 1 include a | ocal area
netor k EXHMRLARY SOMEUFING ENSARANNEINT (WAN) 52,
Such net wor ki ng environments are commonpl ace in
of 10078k, Natespusranzhodignerds efdhp present ﬁétemb@m(may |emqua6rmt gcomputer.

Fig. ?%ﬂd'ﬁﬁ%efo IU{vﬁlrthﬁgc‘ule&pl%% IYXIE%QO gfoqlgdezagbr?ef enera es I1 Slotn%f a suitable

envi ronnen ersona connec
complhﬁlgLaﬁMrBﬂméﬂ‘trm M@Iibh&hﬂ ﬁtv‘ﬁmdh may ¢ ingglemerte@ dafioRkh bt required,
When use% netm&rk|n envi ronnent, the
variqys psRsqky ot d P%t}onzaabt in fha sree! sorid @ﬁpfanplaﬁr executable

1nstr9<§ttb%§ subk 88'SrokPim Rkt 'b%ﬁfgas %Gﬁwa 9@}{1%19915 .Tjﬁc @nt

W de area network 52, suc tern
worlGtationtor ¢ lsemvery %aenaﬂy,qnnghmanochmtsandadie rousinesy pmgcamml ob}acts

oy B e T S b g oS5 e

abstra€l d@kd tYBed. B1drb6veBahS BRBAtionGARPHE Sihactidd vAth RRELdoBPRiter system
t hereo may be stored in the renote nmenory storage

confipayatioas, mqlu g hagybheld deviessi mubivproerssortsyelemes misrdprocessor based or
prog'gaS agtfcl ﬁn@ﬁm‘%p A ik Sé%nﬁc P{gé’, @ﬁ%"ﬁ%ﬁé Sa fiL rﬁiame computers and

corrmml catl on

the likenphy mwmtimmi}eals&wpra{:tQQS @ difgibutddustipatifg emironiRnts where tasks
bl ock dj agram of Fig a conmputer system 200 can be

are peHQERedL saxemoa%arop?ﬁsagﬂw@és @éfn%% Halkad p&-coppunications network.
t .
b o R S s RVl M P e &L ot ocaland

1fnupcn@nnm$monupdﬂﬁnﬁ; 206 (also referred to as the "user

¢ oﬂﬁ)c}g]en Ass (gwn 1nolf~“1gV\T1 ra% eg:(gnr{B alr']ye génerall gur%%gé gc;rrrl]pu%glgtsisxtgnsi 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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herein). [0081] In various enbodi nents of a conputer
system 200, and referring back to Fig. 1, the

whasdnatees conponent 202 nmay conpri se the cent rBCT/US2004/024569
processing unit (CPU) 21, the nenory (both ROM 24 and
RAM 25), the basic input/output systen1(BICS) 26, and

o5 RPN o 5L BB v
vari@nofbs arcidfech:s? Qﬁééﬁb@éﬂi aeniRel 1dRdeoa0 3ﬂ@ﬁﬁem@tWR@)M) 24 and

ot her things. The hardware co onent 202 conpri ses the
randggisiceess W%I (RAM) %05 #y hasicine onlbmt sYstene & ), efpeaiming the basic

routl%gg)tha{ 19 g ?J tra-gﬁ?er%%%rb%twa' b%%e&re?gﬁ&@wﬁgmggﬁé}g%%?cor{%guter 20,

npri ses various s re prograns 1Inc

suchl asniuhﬁgi stact @on;p;itdred i ROM 2h a%e psisshdl kbmpwef 90 may further include a
CessqQrs Jness pr grans vi deoganes, and so
hardfdigk

IVeAd| rff’ }ngrfrorgp ﬁﬁm% hayd diskenqbshenn, ymagictf disk drive
28 f&q{gﬁﬁlg% from' SSAHIEES AkRioWyld fn%&xgetl'i: Qi 9V endPhP tﬁg}:’dlsk drive 30 for

rovi sol utions, and process data vari ous use
read(nga?odm nes'rltmg h@a rwmblemptlsglshmﬁd sualm dsl 2 CDeROMY eleasthér optical

e RS R BB, LSBT b e comesic

the ng&is el )bycél[hid 8isk Afive aflerfRenBal 4 MEgHYie R drﬁ)%tmtbifﬁ&l 3, and an

nprises, in nbst cases, a shel |l and a ker nel

optical é’éV%\W%&CQ%{ resRectiay. The daivepend their p$sognamcpmuteama§able media

prov?c?e ﬁﬁtvg'}ﬁ{g %tggagle aF X‘ﬁfﬂ@%ﬁggﬁl@?@‘%ﬁlﬁﬁ% gQ OSQ‘{.I Eeg?pl}o gram modules
and stylsﬁ @m ﬂﬁlﬁhm)premnaQ&#npm@r 20! Aﬁhﬁlﬁg‘mhb Sﬁer@plenUﬁbnment described
machi_ne Language Runt

herejncgnloya ¥ f%nefq%wabl%éma%q digk 29 gnd, e isblcpaical disk 31, it
shoul6: @ge&a]ty&/f)y tHse Sitifled HNAL hl‘?ﬁ?alt ﬁ-ﬂf‘fg\ﬁ@% @Fgomp%er QLdAGhle media

such ‘sof t war e conponents in the plac
whichddh tstoomdate that hﬂtcoml’oh hyngcaysttensich aa nmgnplm mssettes flash memory

e B B GRS ol S LTSt ity

menfoids BXOML) @ncﬁfh@'lik@ ahdylsolfeQBbABthe RGPS/ opefhftm%'éﬂwronment
hardvvare/software inferface systemis to nmake

Likegosep theex emp lore pdionvent may alm mspbele naagly tyiess|of arpnitpiing devices such
nner 0084
o high S B8 PGy B el B0 B AGPn

| Oﬂﬂﬂd] | A SurAbet @TPLEgeam nﬁb)d&le@ [’ﬁa@ttbe%tc&éd bhpth%lhdrd disk, magnetic disk
thereafter nmanages all of the_ applicatjon progranms in

29, qptigalBkptl KON 2 aRAMBRe ingBidineca aRsFRLSE Syvietrs O, one or more
appl‘é:gﬁ&{ g’%gé}% tﬁi biter gﬁ L FRasRL E’y\@ﬁcﬁﬂog{aﬁ{ §A5Ss SY %E&'Hlay enter

ser via an~ app I'on program
commahm afrﬂaﬂfo@ﬂﬁ’ﬂu)n inBotiee papphdl campuoter po tyowgisnputaleleeendh as a

key@é{@#& ;g)rllé?r L 1&:]\2:\1I gp%hgg gl%?lﬁ@qylcgg/(%%fs %@{Lﬁﬁ!@p }n%{ fdg%?mcrophone,
joysti) R0 BadsaR11fE BRR] Lhner 8€Thelit STHRE 8nd &MbD 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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[0085] A hardware/software interface system

traditionally perforns a variety of services for
wappbkiozsté ons. I n a nultitaski ng hardwar e/ sof t NMEF/8S2004/024569

interface systemwhere nultiple progranms nay be

running at the same tinme, the hardware/software

' : b N . which .applicatjo shquld, -
persd AR O HER Moo uPBREL AR PGB o
speakérs asdiptinteapPhé eampdary Bgstan &f Fid. 1 clongelhdesankh@iapter 55, Small

apglication for a turn. The hardware/software
CompHice pyHem ntspfasen(AI LR dnansban extanalisiaragryleyiceitatconprsted to the
SCS ¢y anong multiple applications, and handles -22 WO

/024666 PCT/ US2004/ 024569 input and output to and
f r 0978} t bk perstuzal dumpeteri2l/map spautehin asetwarkeddnykdnment using

.printers, and dial-up orts. The hardware/ software
logidahapSins &g R P TP de B FOTRUISES, SUR) 56 Temelf compliter 49. The remote

comPREY 4CahY B8 at A&t pelddnalcBidpdicR L8Ry, 4 Butch S RAIHSIRT )a peer device
regarding the status of operations and any errors thg)t

or otheryconunen nwerk nasly, anfHepitalhdinelud¢smanyerrdl éfitheelements described

2m .C al so offlo ement of batch .jobs
abo SR 3 BorkgP LB 10 RRAR R o iappto s by 0 has been
illusfrated@th Figom THai 16givalrcdsndtd ogddepicte LN 9t N@Elud® b @Rb &t detwork
and/ or_ operations. On _conputers that can provide

(LANp» hpnded Wigeqreanagtivgrk QVAN f vieich nebfarkiag enyimnapgnigae commonplace
: t : ] v ding - t it runs
in of S, BRI AR nhi e BRERBiE
haf0d7p}) e Mdehtused & 4 hABdrfete@kygsheiromhelt] the penphal computer 20 is
referred_t rein.as a "shell") is, an ipnteractive
conmgging 1 GF AN B FeRei BnevAss tieses SRR 511 Whe: igddn 2 WAN
netwoHEh ERvitonEhe e pdfibhaPdonthuld 2081 SEAIRGNEIAdES: Rodem 54 or other
confrand I nterpreter” or, 'in an Operating system as
meangfot egtehlshinggomaymietiveheser the wide stesinetwak tAesuohiaethe Internet. The
| ayer of ,a hardwarelsoftware.interface stemith i.s .
modgfisdey fioh T e E R SE G ERRF iec Rttt BT BTt 45 iS the serial
port BikéHA¢S @6SIn d Metw6iKel @f¥irdnhet, Phdirhm ndodit@dsiRbicted rdlative to the personal
har dwar e/ software interface system s innernost |ayer. .
compuieit 20, At poriienssthgreos apaybasierpd iridie Femetaareanory sioprpsdisvise. 1t will be
il e jtai | Si I 1
wpprighd gl R dric SRR BOGH ok HorIF B8 Sthey meags o epablishing o
comiv@hikcatiatistliait beoveenahpetneputere chagpetueeds, nothing in this
docunent i glhil%tquegded to limt the.invention to such

entfi¥&§Phens He thegeqketigeramof fése o fEPBPYCE HEteE4GH can be
rougigﬁrl HEEIntS Mﬁ@eeé'glnﬂpgng?t' %ﬂ%\girgdﬁg haRIvRRE ARG ERnI), Had

evi ces capab I ng and processi ng
hardwafecrofitmtaicomter fanel Systent eprapdrent? 04, sndthe tahpliGtionsplograms component
206. forpati gn tt{ﬁ cgontrol the,behavior or EXEClt{I.i on of
2 Taistied Lo a3 the opser cprIponeRf 5 SV TR SPMBPISTY i CgHen cautexts
hereidj.e €l ectronic, mechanical, logical, or virtual in
nature. B. TRADI TI ONAL FI LE- BASED STORAGE [0088] In )
moEX08tb npuvasious yeibedinentsofip compintes system d0Qyrng gefgring back to Fig. 1,

the h%}é)vga%g (L,oemf)meg{ P 1!n9{f] cérﬁ;%se 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),
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may include the hardware/software interface system as
wel | as application prograns, data sets, and so

wo ososi246bér al | nodern har dwar e/ sof t war e i nt er f BCEUS2004/024569
systens (W ndows, Unix, Linux, Mac OS, virtual
machi ne systens, and so forth), f| | es are the basic

ool B B I b o g

fortl@facfbnlqmwfa;ystﬁmlmoed by the hardware/software interface
stem QGoups of files are general%}é organi zed in
1 f0ge} s The ppPliogtiensgyBErEmeCpapoRent 2 Plecovariisst syFPuesyftware programs

o i BB R SRS B0 Ao

v1decgﬂrﬂ1eec:_lndmm fofthf Alpphcatlbapr@mnbprowﬁerth@mems byoviedh canghiter

ot herw ni as single,units i nformation.
resoFfocae P Ae SOk s grogl%rsg&m%&n Rroper G ks yous users
(madhh?e% iR déﬁipu@e%?d@&ﬁﬁ%ﬁ&/o?éﬂd @éélrs a "directory”

(di scussed in nore détail herein beI ow). In certain

ot H¥983had hwha@mm/sqﬂa\raee infenface Systen sympenrs! 2¢tetmpaises (and, in
erati

som Dgx}slbn%cﬁmea = 1&@} gcﬁsly cgﬂ%?t S aasi]? Q_Heaéilp.g syt%r% tﬁayc tsg'l:rtmémpnses in most

cased, AtsREIC bﬁﬁl@ kalbke, Arﬁ‘mi)e%hg)éys@@ﬁ* EOS P IHUKpREiaBYBERIBthat acts as an
ple Ile) used the term "catal 3% i nst ead

mterélred@rx E@W@?Iy aAPPmJ@mrogra@s @8é gompyter pardwpre. de hawlsiare/software
e W6 RN b9 BUORKIRNE ARG LR GHE BARERCh ) o
Comquml Ivaaigeagde letmme (GLR )am uits lﬁﬁfoabmi@qmvhhnh b daar CifuaBMachine (TVM)

or itslf ﬁlfpcéth;@]‘.rﬁ %qi'%rgrc?r? g]lafﬁt.o ea?e,? gcg]gwér{]ggtls;n H{e%gclee[ﬂf gp in addition to
the oﬁ@ra’ﬁn@s Refli '1ﬁ £ ebmpitedysieh. dﬁ{esf)urﬁo%e 3rh B%\&Q?e?ﬁgtware interface

|erarc i cal structure wherein files are groupe into
systefpisce rpsoxadﬁjarf mva@nmentnnmdncm a agee carr exangfe dpplication gioggams. The goal

tq.r Ia ocations. tha
orany iy By BR erh ERRIE 1 BBy FRTBPERLy omeavgniont o use, s
well aé\umazenﬁ@c&aﬁﬁer hdrlwarg\is be Bffamenfaghgter (or "root

di rect or 212 may conprise a plurality of folders

2 1wOSéhc&h@hamwam$m§ar¢ interfaee syséamp i geactally leaded ito a computer
syste%rg étfjs%{arﬁlé)(aglg gﬁecfg:%ﬁ ?k‘%ﬁégeﬁgy%f ﬁ)&)heﬁ{otng)%%%ésﬁ hg %PA’xputer system.
The ipylidetien @rb8raads indetdct with tia haﬁﬂmdirelsf)ﬁivbh&ﬁﬁteff@d:d:@ﬁ&nfﬁ%yrequestmg

have one or nore files 220 although, at the

serviges WP aPRIrHARPOIIR BYstice (QEDy éﬁme@vellcaupﬁ @rograms enable end-
f

et SN A B0 B BRI BRI RO

commamcblamguaggloyagritphscahmmaﬁlﬁicef(GbH)gam zing files into

I e R T e e
servf&éIaGﬁ@ applicafiodse 16 a milffaskify BliSwafd/ QpiMardintdfface g%@te%%ere multiple
etc. 0090] In addition to the foregoing, eac
progfzdeéay TNt derremettise, thesliaswrmsagwgreamrfm@ystem determines
Whlci'l a#)gﬁcattlgﬁg sﬂo‘?ﬂd r%gqg VJ\R% e%ﬁéar 3?1 vd ﬁlﬁd?ﬁl?l% 9{1&3& § Ql'i]c%vhed for each

applh@ﬁ@@df&de&@ﬁﬁchﬁgeo bifdtRerfapplicasips tf@m tutthalhef }Qllrdiezire/%oftware interface

subf ol ders 1r11d files are ail so del eted (which,
system also manages the sharing of internal memory among multiple applications, and handles
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in the case of each subfolder, further includes its
own subfolders and files recursively). Likew se, each
wo pdos/oes6general | y owned by only one fol der anBCT/US2004/024569

al though a file can be copied and the copy located in

a different folder, a copy of afileis itself a
o 5 SEROAGIRlbos y paBf] Bsgimes and itup
portQITi@ edwirtlsefiwire imetfadd systemedsd sendd@esagss to tadhapplication (and, in

t he hardware/software interface systemlevel). In_this
certappepse.do thg endsusspdegasding the sigtas efrpeetioppand any errors that may have

. , . b

ocorfifty 3L Btk Bietbre RINELE Bitent Dl LS RoBE A agement of batch
jobs 2095020 6o BET tHISRDOW DEppHicSionde fited fremshisawak hind e resume other

are treated as discrete and separate, physjcal el enents
Processnie AR o QR el {4t FRzyRuterp fhat W"I\FSV@?@{%& PR RFEERN

hard e/ SAwaN i%’te!}ﬁce W&&@an@éﬂ@_di@&iﬁ@la% A R %Iins on more than

The present invention, in conbination wth the related
one pmoessel adimacor porated by reference as di scussed

S SANRE RN KRR S .

“sheih)at bR inrattitedpisesiartfatenoei ldr@NarebRWaS iateady YaE@eN A shell
the data platform beyond the kinds of existing file

may gise beAeforRd taps anlsagwiand dntarpseten” 88 S8 @PeraiBg BSteahds jpg “operating
systf‘?lﬁ g’k}%lgf glatsﬁelpﬁ tﬁ?@utég 19#/& ggtgglagdé)&%afé‘/%&ﬁfa{g ;%Q@até@ system that is directly

a new formo
acceSSiKISSARYPIIdAA62 broAsanused/drendiuseranth ¢cantrhiteo alskdllyn ketrebis a
follow ng ter have the follow ng  neanings: = An
hardwREelSof YRge 1P iR £V S EICHBPY 195 B ENTERS QEscOyerith e hardware
compéheftshar dwar e/ sof tware interface systemthat, unlike
a sinple file, is an object having a basic set of _
pr B198771 | ¥éhitenhis cavisionedrthahhymeappembedimants of thegir¢sent invention are
.0bj ect s..exposed to an .end-user . t he,. . . -
peri b BURITR 8 P RPaAR R B nlbinb i dqopmst igjnggned to tim
the ilvehEoR IO ARhlchDdishts. G Blelcof@ity P sB@her8in@h€ RAMDBbMputer system”
supported across all Itemtypes including features

is intepgad talenevmpassany apkalt devices gapabld eftstasHgHng Hracessieg information
intr : ' | i | t . .

and/{gllggrag ?l%? %?9%(%3&% psgérr%f #%éﬁggc}gﬁ éo n&%ﬁh%ﬁ%ﬂélmsljp% ggéﬁutlon of the device

itself) rgardesstof athethet suchsleaioed it eleorotia nechhsiciie®igical, or virtual in nature.
application prograns and conputer hardware. An

operating system conprises, in nost cases, a shell
ang@, a KGRIGHITIONAL FILE-BASED STORAGE
[0088] In most 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 fdrth) 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

-23 -



A "hardware/ software interface systent is software, or

a conbi nation of hardware and software, that serves
wa@sooslostiesat er f ace bet ween the underlying har dMer/@S2004/024569

conmponents of a conputer system and applications that

execute on the conputer system A hardware/software

o0 LGSR BT Bl CBl L comprl 65, (and, L SOTE oot v of
1nfor§déﬁbﬁ MIhése folaérsVQ 200 e QRROLd RET MISBARA/ 14428 al arrangement called

har dwar e/ sof t ware i nferface system may al so conprise-a
a “divdckary’a(disersterd ne morndaiait her(smlwg/ ow)a ICoertromothaiprdgyere/software

interG] i, SR 1D AP S AR P P et Gl P B ggpms

“dire@idREr arfiMeTh f§186\Wed RterdHRABGBRN LA édilyt AsplP b@ﬁ@taf sy8fendsie.g., the
addition to the operati ng systemin a conp

Appleykey apgd the terppycpiglog” dsteadpf fiavsa?léa @%‘I"?‘W&raé uﬁfﬁi hereigcall of these
termsS Xl%td%g?n'eé td & %&?MWH&S%d 1&@%&151%99,?_%&1 Qre\‘iﬁt'eg dgtﬁ);&r‘?ﬁer include all

can execute Icat1 on progra e goa
otheﬂm;ummm tesmf tfoveand refieteacdsao diesyrshieshinformationedta@ragdgructures and their

nR er s temconvenl ent to use, as well as utilize
foldquarg

®MSrdware in an efficient manner. D.

ST(ABRSE Dl ERVIJEY\(J 108, gﬁilrelaﬁfrﬁ bf foldkrd)qs E 'trge-b§sed

a storage platform 300 conprises data store
hierarehptad ewetens vorerein @&smum@mmfom andrfoldlgy in turn are arranged

scoofiig B B S L ORTRR <R 05 SRR A lsel mop pagrnpl, as ilustrted

in Fiext & %]D@S%asé&ﬁlé%@st&m% ORI (ot ﬁi@)t ld@eexbiyoN2l2 may compnse a
at abase engi ne 314 conprises the M crosoft

S
plurgligy af foddeas 2 Hacagheafavhichyingy furthes comprase @ﬁﬁw&alg‘eqﬁiers (as “subfolders”
of thhf'gjdlxt%mﬁtf&d@r)%k 2,048 o ﬁseﬁﬁ%’ al§djp&ﬂnlgrli] aﬁ@ﬁonal folders 218 ad

gani zat1on,” "searchi ng roni zat
1nﬁn£ttlﬂ1 gaechof thﬁscofoldis&t @ay Bqammnfelom ntqr@ ﬁkas deO dhllumghr ﬁ the
ribed in hemas sucq@ sche d the
fhgdudiy

hardgp 90855 BT BP0 5El Sorciesis s Ideg By syAthige in common
othext thQﬁ &eﬁ%gﬂgﬁ iftthe ti’t%lhllerﬁ%h Wo@%ﬁ%@ﬁ thi APFrod N EMB 8 anizing files

descri nor e bel ow. A change
into fqi@arlhmgrcms l’rminuestﬂvr r}ﬂects thsl réwsnalengamzdt\lpn of t}@l@hstarage media used

to st e 4o Briireiie BpPlistoo i RARE, 60T00e scuri 1y

ca gmboj I &ﬁilt%&&o&ﬂ&fo@egbﬁmidh%lﬁﬁm doathiea et subfolders and its
both of which are discussed nore fully bel ow.

filesFHbatdsteack fobfes 0wy ite pefolders\aind ddosa Feeexagtplapianceioldspis deleted by

the h%yftcﬂﬁggfg%@t\?%e uﬁ%r ece%%%&{a &l%’i ﬁgdrer’giégfr))fg)gdgi‘ p%g?ﬁgsaﬁkl {sbldBRsted (which,

in the Gﬁﬁwﬂ’ @ﬂﬂﬁsu@ﬁﬂderaﬁlpﬂhbmathdés iy gt arBolers gnd files recursively).
pli cat| on progr ams Oa, 350b, .and 350c¢) that

Likepise pacd filpes ssngrly QWH BY ey ppe foldersangy %151@%1? & fiforam sroopied and
the ngg d?:'éf%ﬁ‘?ﬁ‘td A FRERHIAB, 3bpy of #'fifehSltsHOABE RS EndBeparate unit that has

I cati on
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 physical
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programm ng interfaces (APl) 322, which enabl es

application progranms, such as application prograns
w@30a/024860b, and 350c, to access all of the foPemos1g4/024569

capabilities of the storage platform and to access

the data described in the schemas. The storage

| at f APl 322 b b | . ' .
contfi s METIER oo reqel At SERel R seera B R ER bR e i Rire
contSigdrsand the M crosoft Wndows Wn32 APl 326. -26 WO

2005/ 024666 PCT/ US2004/ 024569 [0095] The storage
pl atform 300 of the present invention may provide a

. . venti on ,
IL :E%tgf S ST O ETISATRORM FOR dﬁéﬁ&l\f%ﬂﬁ}lg@’ﬁcmNG, AND

pchroni zat1on service 3
é‘ sharing of data anobng users or

sy . For_ex | e.. the synchr.oni zati on vice. 330

e OO 8 ey R s o BB ERT bR AP iy GFigns ncorporated
by reféRnbedd dibubd caaiER hérein Rl diRsted 3d 8 sote®la3d2m BSorgiking,

as access to data stores 342 having other formats. The

searghting. 456 sparinsfdstan Beotaprgarlpifou efdhe prepend inypatiemextends and broadens
g= P ] . L .
the cﬁﬁ%@%ﬁ%ﬁ%@l&% kifl JI (%‘égx;sl%ﬁg 'iig{/) %B‘ls anlt ﬁaﬁ&as&?%tﬁ@g fiscussed

exrs Fens, suc
aboWy attDissiedifhed thibleelse syetfeamalBi/Bes dfidasd, idchaliig $newe form of data called
enbodi nents, the storage platform 320 may al so
Itemﬁf ovi de application progranms with additional
capabilities for enabling data to be acted upon and
for enabling interaction with other systens. These
cagabi | IGL@SSARY be enbodied in the form of
addi ti onal services 328, such as an Info Agent service
33400924 a\s used héremadnidon theenlaiins £th8 3d]ovasg teeink hae the fallpaving
formof other utilities 336. [0096] In at |east sone
meagWEddi ments, the storage platformis embodied in, or .
for ms, an, +RheGE 2h uRRGE siBfabld iRrMaACHRILEAAE 18R Bdware/software
interface systemof a conputer system For exanple,
and wi tittexfacel systemahitomlikelaesimploriteds pi ehjebavio atbasic set of
present invention may be enbodi ed.in, or, f,orm an .
't egr alPTETes el a5 Compply SRpoRd pethes Al GpR fbosed to an end-user
machi ne b?&ﬁ@%ﬂwér\ﬂfwwa@ ibRAEE sysRApiRDE Itefldd AlsoMave properties and
(CLR) or its functional equivalent, or a Java Virtual
Machi ne r¢lationships that grefagrpomdy syppoead perassel Lteny fings gigluding features
its co r ] [ . : j - .
the of ofBanby S8R Gy Ht R 2 Bhop Y B BoAERa Bk Pyiscuscad n
mor e ef fordt @éthil dagiticed). on devel opnent for consuners,
knowl edge workers and enterprises. It offers a rich )
and eXt e¥siamerRtipg syt OR) S Paeial ppgram thatactsasiandpieymediary

rakes avai Lot Sl . el _
et Y0V o BRERL S Skt Ayt e
syst em apthpeiadsabanestaawesssheitthddkemeD097] I n the

follow ng description, and in variqus ones of the. .

fi gur&s A thedepgsaguareinigipes Y5560 1%?0ffvr?ée,mré§eﬁﬁ’maﬂon of

I nvent| %r%e%go%é,%ttsﬁw@ssas"tﬂ et face HOMEVR the HRBrlying

of this nanme to refer to the storage platformis

sol el y fhardwoavenperos off: cdeputer pysicm amhabplisatiots that execute on the

hnt ende('j:omputer system. A hardware/software interface system typically comprises

(and, in some embodiments, may solely consist of) an operating system. A
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to be limting in any way. E. THE DATA MODEL [ 0098]

The data store 302 of the storage platform 300 of the
w@e@seneeé nventi on i nplenments a data nodel thBECT/US2004/024569

supports the organi zati on, searching, sharing,

synchronization and security of data that resides in

the sto dat del  of the resent inven
bnc Tt olfravlale ARl B BRE S s el Rl e Giar 94 B mackine manager

the f umd*am; al Catfiinbn Qangia@E RUABtiIO (OLRRPSS lemfunéfttt&laﬁaﬁﬁvamm aJava
nodel pr QVi des a.mechanismfor declaring Itens and

| t em ext\eRYHAAachine TV P qadis Amctionalsguivalenl; poeilen gish software
bet ween cl)ﬁngg?er??%g tﬂ@%lacé%fgcﬁ‘% E%dlgorl {oetﬁg’ %%erltlé&gfe{ﬂs e§1 In a computer

Fol ders ries escri bed
bel ow. [s@@élﬁ] T]ﬁhﬁu@at@oﬁ‘mhbediwﬁrelsbﬁwmnntbmwyhmiichEprovide an
nmechani srrB.,%#/ es ag\% Rel at i onshi ? Types are
struct uPBEr W BIGh ddiser GeB ExeRu IS ARt RSP Srame g he goal of any
f orm of FARES f 5@5!
expr essggﬂgs??ezsﬁ or d%?gedﬁc%gtsg%%ﬁgrtggg%eltgi LF’ ) Stem Convement to
i's a namee,fapwel ag atilize the cemputef hardwhng dis aw Effariant mnner
Type. For exanpl e a USPost al Address type mi ght have
the properties Street, Cty, Zip, State in which
St et , SEORAGEIPEATFORNMEOVERWIFWSL ri ng and Zi pis
of Type Int32. Street my be nulti-valued (i.e. a set
of w@syeae)aahhgm Pig. mest&qgég ﬁo&@3m&n§%§ahﬁ‘@@to@@§oz
val ue the Street property. The syst'em defines
implegientsd @n@rdaﬁﬁbwwgtrye&éﬁ i ane embodimenis b dafabedeeengine comprises a

relat%)ﬁ%ggrlz%}%aéoo w?cfﬂ %?_{ ec%éé?al%o{x%lfxpeﬁsfe)%sh l u d g godlme%t the relational

databisg lehgine By 4 EOmﬁﬁiee'ﬂthMacrERﬂ $@l Saner falﬂtianaleh@abase engine. The data
Properties of a Typ be defined using. any of the

storgyp 7y nl%el%%ééta@iwd(aw(?%théfowﬁp%?sﬂl? PR GAom 6eaehing, Sharing,
sync%%rf?ﬂ)tloﬁ%d%fec ?Qgtﬁt gg AIC ¥ (ﬁsﬁa a 40 es%ﬁ@gg)ln%cﬁ‘emas such as

Location Type m roperties
sche@oe 3d0,reati ehastoragel glagfosn 306 proendeb daoohﬁ#ﬁe&»s déplopeg thosé schemas as

Wellﬁé)foyef)xg%l SPo {)%Lfaq%%sg%gﬁmd?%?é{x%ef?@%%ve Properties

Rel[@jo4p nsehbmg@ aaclts Hﬁ@ﬁa@!sﬁmm;ﬂ&ﬁ&ﬁé@whhﬂ tHRERL B9re 302
between the sets of instances of two types. For

proved@arﬂpﬂ ilitydragk ghyngsetoathRditatsionn s’ﬁhqodazﬂ%ﬁbmr@d alrotpreddes security

capatbtﬁl %Q% yo\?ﬁotl%gdeglo gliore% %T%;I»aj?gq% t% ir%ﬁ)ogho }gdl'll Iargﬁjﬁscussed more

ﬁllly'l'lh:ﬁoﬁe Tk t dﬁtﬁ 3@1‘@3 Ms@pmm&s a b repsipation sroghaifing idterfaces 312 to
source endgm nt and a targ et endpoint. Relationships

expasg fhegapabifbcseofdhe data story3 &dp offfer 5@6@@@@!4@@ opBPRNeHpand
opIEEH i 018 pECRR AR 18, SRR S50 Bl YR e g

platfoahl &tle Qoeagpaibdtfondn ofﬂympreﬁéat swantiomosti#l ﬁlfﬁh@“ei)rr@aibésenh application

Dwel Lin T at i on a dditi on has
prog e Hisctace LT s Motih BAClen R AT EAg e gh as application
proggﬁﬁ% l@Sba?ﬁSdH, HRd 5 4uc, ’M‘Ac@@sstah%f AECIORABIg! cay@Aidls IR storage platform
wel | i ng. ‘
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.
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Note that a Person may live at nultiple dwellings over
time and a dwelling may have nmultiple occupants so

wo b@snoeste | | kel y place to put the StartDat e aneCENSDDa/a24569
information is on the relationship itself. [0101]
Relationships define a mappi ng between instances that

¢y 0035 L5 B A5taes it Brin 3P BEPrikE iR eshioh e aBRHAe « ety of
serv1@esrﬂ8ab |a@;51§d&t18n prograthl, Gt haiing Wi RieRidintZati oS sdrﬁ@e SB@ tHaafkilitates the

because an Autonhpbile is not a Person. -28
sharipg 06482 4668S PETF USYEEMS0 Xa56amle 1laﬁzqyn¢1hr9mzattl@ seovied 330 may

enab eﬁtsé{o%g%%ﬁ t%q‘gtht &flérrﬁa a sgge}g? gﬁ(ﬂ%&ﬁfg%g%g gari?ié' Pog—xren %/ Esedata store 302, as

well behdrbésad ﬁhlamtc&éSSMZ(lﬂﬁmg cﬁﬁertfbﬁnﬂas"ﬁﬁléy@@ag@bl&t‘bﬁﬂ Sm @lso provides
is defined in such a way that if T s a_BaseTy
file svaﬁmwa@ﬂaﬂffStthmlpwaatef%ra@&% of Wﬁtdy %ﬁ&rw Zﬁfgfﬂla%%@naﬁle systems,
such %E bR @hrﬁfa“@wﬁssme chtdh 308, RIS 5o en%od%&%?ﬁﬁé H6rage
thi's s that every instance that conforns to must
platfains 82 @ maj a}smptcv)fld!e appﬂlpaﬁqmrpregramp athaddi®nal qpelpétiesyfor enabling

data %acl? %’ége ?t (i #ﬁcggﬂ%slﬁé&lﬁéﬁgg%g @H%ﬁggpabilities may be

embdBYEINARS Form oﬂﬁaﬂﬁloﬁmeme@ggs shbigad PRI ASERIEANCITW and a
be envisaged as an tree with ‘a si ngl e sugertype at the

notlfm@b@n seThige B3arae eedl a i thetfhan pﬁ@helprtdmesjé @-he first

¢ n0P0E oMt ARER L ror RO RIBORS B bl plsRn 1y BRI, or orms an

mtegﬁéltifaiytﬁﬁsth&\hmﬁb/aféﬂ@me/m&rﬂ@e El}%tem BAY EorapiterSdyblci Gﬁor example, and
The tree i s not constralnedto be, of a uniform depth
witheyiftlingitations the sieragep aéfﬁym Qg Rrgseniny PRI trgpe erahodied, @, or form an
Y
e, AR SHELOES, A 180 SRS Fonthon Langcs
Runtimeg 6CThRY omvitst ﬂund:thmal d:qumellent supdavd Ypesl Mﬁohlpel (J\i’ M) or lts funct1onal
.anot h y, for a given, in tance at, a
cquifilg THEvER S SHBE RS EPBIAIOD S SHuSEAE irhy plorige platform
of th_@?retsaﬁtm\l'e%ﬁgﬁ enddIdsHREre leBriciHt Qpﬁlﬁza{?@n ABidpRsdnt kdr consumers, :
I nstances of the type nust also be an instance of a
knovslacﬂgey\p@fkmfs anfi enteypsses. 1t offewsragidhomd gytembletpemrammangj piirface area

that %cﬁ 0 Lyor es aﬁig\ﬁbxeg&lgtcg}gag)ﬂlitpegtéqhesqﬂ B}gsp(?%,t?l nﬁele %Ittalsao emibraces and
extexfdammahg ﬁ%@@&ﬂﬁ@@@db@%saoabds h&B! S exposed to an

end- user _or l'ication gr ogram by, the storage

pl H0PE} nin e dohowins ée&walp oty raaééwar@sls aner of the Tigures, the storage

A Joleld ac I

P 300 SRl I 0TI RO CERRSI s o i
nam@tooRes té the sanrmger;ﬂht&tmms Sh]lebsfot corveniender afdies@iptioasnd is not intended

di scussed bel ow. [0104] Itens are the objects for
to bedypiiwg B EBY WeY-ons such as copy, delete, nove, open,

print, backup, restore, replicate, and so forth. Itens

are the units that can be stored and retri eved,
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 data that resides in the store. In the data model of the present invention, an “Item” is
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and all forms of storable informati on mani pul ated by
the storage platformexist as Itens, properties of
WO t@®24666 Rel ati onshi ps between Itens, each oOPCTMIBZN4/024569
is discussed in greater detail herein below [0105]
Itenms are intended to represent real-world and
' it f ' S :
the fyB5htr YRS SLARETRLAIDE: Tl IR bloS RS B yp o
declaing Isgms arddtesio extonsidrisgind farfestablishilg fetdiodblaps Between Items and for

illustrati the structure of an Item The unqualified
orgapizing ItHms 1H§9em Eoldprs and Icalegasies, asfsecripgd mare BHLYRERI-of

thEygoh PMThS 4z }R58L 5080 Withfifvelnel) tSlationshi
UYWL R ERLSR R Kot
Typéssarelghicheds which pspads 4 famatwhichfgoVvdrasihiefotnn ef Lometance of the Type.

e RERET R bR oGBS P P e or st of
valuf MrAditvén/TRie. PbOBRIIIES USPedtatAidattsEAHPE hesB&Hve the properties Street,
Met ropol i tanRegi on, Nei ghbor hood, and Post al Addr esses.

City:1ig, Statecinfivhich Siseet Fitypanspiinteprd afitypaSiningiand ZimisofTape Int32. Street
[ i: f ol | ow t he e nd i.s
TS B B AR XA 300: b oy gt for
the Stket propérty. Thelshgerh YipfindsaRBaintphignitiueBpes ikt stalbeased in the
ermtted for that property . type is_indicated betwen .
consgpca’[&peqfsoﬂ%er[tyqesr t%ﬁ]&l@#ﬂg&ﬁpg@kB()@lem} Iptd6,+Igt32, Int64, Single,
i m.n H H H H R
Do D o ey SRR bR o T30y Sgptned wing
any off tht hemgtotedtypes ardivethtsemme trdsarictivhenated delobyg amy ofths tomstracted types.

For AT & ha S8 et el Yo RarE ey o Ha e elang duidress
whelth@hddreséProperty & & b €fdPosthl Addeess Qb 8ekcHPSH AR ESPrbpétics may also

there nust be at |east one value (the property is
be reqetyed peedtionki ghbor hood and Met ropol i t anRegi on are

or L9P] R apS e gpbilen S Kok PRl il ey et of

instaf€dsed fMwb Yygeh EF dragkmple th@p hiaglbe 2aR dlgtivnshibAdela e DRy e@Athe Person
Post al Addr esses, however, are pa%perti es of defined
t

Typg %g]?tge @Pcmwp@)@akl%@gesﬁ(taghi% neg whishgreqplegdiye at which locations.
The R@B’ti&ﬂhﬁ%%{ls’yﬁ%é) fw %18@%1@%9&@@% @ﬂ%e%é{n&#@ﬂ%éaﬁ@%eehendpoim.

respect I éonp type is'type t
Relationshipsnaayolsorhave amionidred sk bfiptoppeiss.Budh dre Sauore antifiarget endpoints

canpl ex es. The ¢ I t s for th rqperti
havegh NBHE PR 5P FO8 GHUTRIF THed PRAL et B i s SEithe lledOccupant of
Typc??ér% #d TarkBEcaB0 PR ideYdter ygé € oBRheRd iR E&Hi%ié]}ghas properties

nredi ate Itéemto define its properties, and

StarfDafeomdeiinddbrate pdicatingihegetiod oftewe fayontptleshetoppant Kved at the dwelling.

i ntained wit.h the |t t hat has these. properties .
Notq ot HFS o e [t i BB e e 33 n0¢ 380 R P link S have muttiple
occugiite kdlhe mMbe SiRelgPMeRS Putthe SHRDAG MAENIate RMALIGNE on the

r eadi I%/ appreci ated by those of skill in the art.
S

relatjopsigplitselfg. 5B is a bl ock diagramillustrating the
¢ oﬂﬁ'O?i( @repa?i%ﬁéﬁfpst ddting a%?a%&;ﬂ'lg%g{/@eﬁsinstances 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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and EAddress. The Postal Address property type defines

that an Item of property type Postal Address can be
wW@xpsoe4sas t 0 have zero or one City val ues, zerPCDUSZING024569

Count ryCode val ues, zero or one Mil Stop val ues, and

any nunber (zero to many) of PostaIAddressTypes and

S o{(ﬁ%%]oarfﬂe ﬁg‘cafn%cferdoes %uwkﬁ'? H\%NIO%O e Of %“E’Qﬁ relationship

articul ar proper

betwdef types Thiéhebtlﬁﬁéidu@mp@fmhimp P Rnbwn 8t melmarsévype relationship is
def.i ned as shown. Althou ostlonally used herein

definedjin S‘Kﬁ’pﬁ veuihebi TyarétiRe dox Eyneds éimrust he thesngs that every

I
s 2690 4 bOBALLIN LB Sy L0 M e
confbﬂm&rmlemuEu gso p@fors1 ta A.0F, dokexd s Amas h bt@teft@N aﬁ@ d:f NM®&pe String

0 oSS S8 OB X, MBS, S LT o

NamEQN@ ¥ Agel ThSHBH hitrhen MQFB§&M§§§E@ & ar t@éeswﬁ‘lll b %‘fn@%ts%ﬁ&type at the

representation of the Location Itemin th
root. |T§16fb®am0fﬂh-°efreméb@ rO@amwdeéhq fitst Lﬁs'tslrsab‘emes, rhhd:brgndﬁs!\at tiisdevel

o 0525 LR, B B SP eg BY I B2 S84 R co o

haveGihy ammyia@r Thw&eé B not E@lsﬁ@lﬁe@fd)&%ﬂ%rﬁﬁbﬁﬁ dleﬁt'hﬁtfult tsnbh&ntain any
properties of another, parent property type). [0108]

cy01§, figiven Typegney PAVSZeIocar many PP Bt 2850 rrmetsHpgriype. A given

7 e
1nstaHEé31B§g_£:/%rg§M{? (I’F](Z al A&‘?fﬁ gg {ggg Ec[g%?{% %ggg%gc {éug‘éﬂtsrk/)@s Of"g]put it another
way,|for agiven instangds at anydeved irothagree Hedhftaonmay ceb@tado at most one subtype

nts. of. th resent..invention allows an |tem
ot IO« ey pis Soghto BANEREHC Fh BTHTRAGF Do VRATEuSS ABolhe gfpinsiance ofa
Subt}bﬂéhgrthg@,pghe properties of the other, parent Iten).
Mor eover, for various enbodi nents of the present
|nvent|Pn exe Itemis a subtype of the "lItent Item
type which is the first and foundational Itemtype
n
U3, P S B9, e M 25 s s
having 4 basia st ef papetticethat mb&omhﬁm@t supportédanross allhjbﬁects exposed to an

| nstance, as bein u f theltemltemt
end 4G RO B e e AL dlciy A bR BlRpRisRand
relatioﬁﬂhﬁs)aﬁﬁﬁa& RéfnidAg, ét@ﬁ&tté@‘ﬂ:rds% %H‘I{ehi ﬂé’hﬁe@ﬂnklue %atures that allow

I's a subtype of the Iteml type. The Item
new ptoemtteypaql r&i@tlmlsﬂem mhedatrodmadi alstdmcusf.sr:«bmlmm ch aI |

has a nunber of i orta
or U091 ; LGRS B S e Fitsomipri P AIQES £14haS PRI Selelen e, open,
print} BRKEPediel ﬂa@ﬁcztt@ @ng ke R, AtdPiORE FHel 1@5ts Blat B84 bd 6188 and retrieved,
I n_an oFeratl ng system In the present figure, these

and 3} fopras pf egraple infemptiernpripilated iy the &oragh platfor eksist as Items,
prop%rg%%é ﬁ%ﬁ?% gﬁeﬁ\?iﬁﬁgg%s%%g\%%gte o?zﬁcﬁltolf r%%lpl)(g{ :dgsggs%sglcﬁ) {1l greater detail
herelhtbeliutwon [tem i nherlted fromthe I[temltemtype |s to

Location with the individual properties of ea
@p}@ﬂ y e areriptspsiede repgseatieal YV@H@ |an feééﬂl."ﬁﬁﬁk‘é?tﬁndable units of

data F’k@Co@t@ct% SpédpRl, 86Kk, aWcAHBris! DUSIAGH:d (38 afi B8 RGBHECHnd so on. Fig.

wherein its
SA i 1s 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 indicates that this Item
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i nherited types described in addition to its imediate
properties. It should be noted and understood that

WO boos/0t46e6m i s the sane Itemillustrated in Fi geCBBES2004/024569
al though in the present figure Locationis
illustrated with all of its properties, both

i nmedi,at e-.shown 1. oth_ this figure d F.g. 5A-and . -
strugtias iateon dueq e BRE & P an eere sarerp o1 g gore Scema i
dischabeieasrd detdil Mter Béelnlese properties are referenced by

showing with an arrow'that the Location Itemis a

sulbdiget dihetlipsatiqn ktem hesenplusabis) of iropertgs includimgdiAeldresses,

iS55 O st B AR 28, P BB s o s

is indicated d@hRtRebly fillowigy the profRf nh@khh@W ffardfed Iﬂ_oﬁmhe\M‘%Serty name
is received is the Itemand all of its imediate an
by ajcalear (¢’ d pihe pieht ¢fdhe typp spme thenember of valugapsratittedsfor that property
. Ml RE)» j t 6,29
e R pa i R A, O el ofthe colon (1)
indiqutessmninspevifiadt indrfor malimitedatrhberdfiaaiyd’).r AdiiEssé the rihbsthe colon

. ..0f properties en retrieving a spegific lte o
indi s Lore e BETONE ong Yty Coylen JGHEAFehite colonigdicates that
the ﬂ%]ﬁéﬂﬁ@ opfiénall (188 Whdybeld valife dtlafl).| AR LAHE 16K the colon indicates
i nherited propertiés when retrieved. Mreover, the
that fheogpnstibesit bfast angrvelugdihe prapsriyas requizetie Nebghbadwodgnd

new.propertie 0 the existin roperties, of .t hat
MepLRERPGRh R el o PR doP PR iRD 4 Blsgrped data e
or “dim@R tPpON@nd el heréif by timaanel caphilagsn)OEAdudssést fian

type may automatically |1 nclude the extension .
Post ﬁqsengcf\@i,ﬂqprpﬁgtle@@mﬁ@pg, typss o fremplextypes” (as denoted herein
by HRIESR 8l B RAORRIBIA DR i e s
that alenidad froal ae dremrrre simpilsdzttin eypes amd/oofrorathed patfiplick Oypes. The

com gg%ﬁ%ﬁgg gg)?)s%%eg gg?ﬁj ]g;}ga égﬁ%ﬁutgglg%%éqlgnplgneté” since the details of
the BERRL FBOLS MRbtel Mo ISRt HER D ABind ¥R oAdHitd 8 HR information

copi ed, everything within that Item s boundary is
pertahigg te issechmplex typasis nhaintained Mathizbe fdarthatdas tepag®pstties (within

he foll owi ng:,. The em Type.0f the Iltemand, if t
the YiE s bPun G B8 £ttEd [t BB e ecr €07 SRt algtuel frown and
read B9 ¥fpretiaRADYdhdR R skiffin tHeQrPr esent invention where al |

I[tens are derived froma single Itemand Item Type in

t hé0183% e Fop 18nia p blegkydiagnin illusbring Salspypplexipadnsriveypesostal Address
s€ S ; o |
ond 08y LB R AL Ak o BB SR

PostalfA ddrsst bat bd &xgpavtedl kehsepyronmryonalCEy vatues et geeCduhtryCode values,
that sane Item The Itenls conpl ex-type properties

zero gn gne Manignotidues; gndzmy numper (rerogp; Pt PostalfyldrgssTypes, and so on
and & RPE! Th ﬁfif g%yﬁggg{aﬁé of ¥Rt BRL YErtihlaLHLEARFHE) an 1d¥f is hereby

copy may a
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 individual properties of each complex type listed therein. Fig. 5Cis a

block diagram illustrating the Location Item wherein its complex types are further described.
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the sane conplex types. The Itenmis records on
"ownership relationships”, that is, the Itenis own
wo pas/onfee6 what ot her Itens (the "Target |tens"PCHIS2004/024569
owned by the present Item (the "Oaning Item). This
i s particul arI y relevant in regard to Item Fol ders,

Howteﬁ%{t 11% ﬁ?lﬂilp qﬁ}g?cs %1@{) @ﬁga\ﬁeglaag?e %‘eg)gén 5 S(gtﬂ.%x% frpcatlon\?,tem in this

Fig. 5Cli§&5r thda80M8Te. Itdn[‘ﬂfu@ﬁé’eédj irk FiF espede Qtor e platform of the present
i tens-di scussed nore ful OW an enbeg itemis

invenigorsdlerealénvs aybb@lqgavlnerdfry qm@rmeéwym ceibera Siubtypg of another (where

enbedded .f or. i_ons delet d the

the qF RESHTY SV R BR T Pl e SR AR B BenEed B A, o
| deotiosf | sahilano bfldiginct fr@ﬂiﬁpralﬁéi‘tl&wnﬂuﬁém/pﬂﬁf@tﬁ iybe€ Gtems inherently
within the global itens space with an Ite

reprqsgricheir apdippel es thet saralse be the sulypetof spbtyRipe mtber words, the
stora%g ?ﬁatﬁ)‘i‘r‘ﬂrlﬁ (;/\;eﬂﬁ efn% @ﬁﬂe&ﬁ’s cff‘?ﬁe éxjggen hf@htid ko (&%% P be a subtype

e exact one 1dentity in the data store
of ar{ofHet JfenAwhietabim thebdrer leane enhiesitsahelptopersibs attheothet, Ipatent Item)

contaj ns jnfor ion tq . locate and .identi
Morgqyat 1ot tos ABRaimens LA i atent 1y puiqes Sy [thma AStiEdpe of the

“Tterh® BERA}SY RORER i the Friah@ Poundhtional RE tRIOERTR thy Bﬁ% Schema. (The
derive.” The ItenReference type defines a virtual

Basen®hiend vnaraias@ tRakississsd in defeil Resrdietein. hétih 6d lgsitdtessamn tdne the

|t enRef er neandr turns
Loodyl B TR T AR e BBt ol R iephd in thg Base
Schetdi. G thigltevBE th@arkéin &idicitestth@tthe Eddatioy B8maAlikd Lig mher Items) is a
given a reference. The Resolve nmethod is invoked

subtmqf the Iterpdtegt @pggfghcbk%ﬂ@mﬁmm as ghexfoundptipnal ltem from which all other
g T
and fhiesdbgt definassthé stasdard peptrties ef3ll Bems iream Qimmlng sydtémi $n the present
processed hy a. | gcator resol ut od .t hat  can
fglzeGerearopsiitn/oh e Tm T b5 St BheHled Bh L s sk iepeby become
propy@%s oft 6&dignfield is of type Item D [0115]
tenPat hRef erence is a specialization of I|tenReference

t héﬁl 09k f iAmethea way (tcatepreselanhb propertibs fnj the Bocdion Heoriahented from the

I dent | n it in Jdt is. cesed
tempie e 3 Pl e Bt T o arop B SR Sadhy Bpe from the
pareff Itdrh Gste@ € &1f. Fik. 6B ié 4 B16cK AlMRidm ill8RatRdtthe Lb&dtidn Ttem wherein its
cont ai ns O(l_&)@elatlve path in the storage platform

inherjtpddypraclesaribed éua@@thmfe itstemedintapraPetiey I@lé@ul%?e rofed and

undél’&&% ﬁlr % tthOI:[‘e]rg %s tiqg Efﬁzl.%ﬁgrﬁ lg&s’uraﬁfd% als A(,: Qlﬂ{b(ﬁ%h Bfthlég)?&ent figure
erence generally be

Locartﬁxﬁdb ﬂlidtrﬁthdl ezutgmla)f pia piopeain) hith Qﬁm,Bdh@tE%Sshowﬁhﬁ both this figure and

Fig. ?23—0!13/de1nhrreert1t2c?—d—sﬁéwﬁ Pnethlsstf%u?eg gut 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 Ttems
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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platform APl 322 provides this functionality. [0117]
The reference forns di scussed above are represented

wao boosagtses he reference type hierarchy ill ustreCEuSi004/024569
Fig. 11. Additional reference types that inherit from
these types can be defined in the schemas. They can

be used in rel ationship,.decl arati.on as e of the .
pertafipd Ry 10y GoBRge Prgberpy WHFRe TS S B N epept i prtion may
enabRon€its fddnsd sibdeeof I_Sib%)éhigﬁvﬁéﬁ refed! ecilfit @1¥8; BB8WeRrethe default

organi zed into special A Itens called |tem Fol ders .
for mapp isedh embodipents & th @ravads the digmyivitinali pf s mnerbiats pnd inherited

prop%ﬁ{esl \%ﬁer.{ {étﬁ'é‘%%& Molrgové ¥I’?ﬁt fr':e)rﬁ?r't_xgﬁo %@}[e’%s ca%qllslotb%rgx agend %adding

ong to nore an orie such that

new priopeties to thd 3x¥EhZHOpédi2« 6 atAtehi BSH0 Ahes4%fnsions” are thereafter
accessed . in one Item Fol der and revised, this revised

bona fidg prensrtiesid thepléens apd stbbypeg of that Itgm iyrsinaystiemaiically apglude the

extexstJn‘SFﬁB erfils €ssence, al though access to an |tem may
occur From different Item Fol ders, what is actually

bejodfyl JacThesYmundayT of tha dtent ik eepreseyted dprats praprrtidsdimelnging complex

prop%tggsrpp{(:tghggrgso ?g@o&ﬁw ?tg%l_s%nﬁ@rgggsoiarhl)regefmsi tﬁ'xg limit of an
oper&RAIpeReih&on ¥ 1téin Qhéless dopY ARidte, nddtelcret8lanliR® on. For example, in

del etion of an Item Fol der” does not necessarily result
sevetiahembedimgats of therpresent ingentiognwhetearelterh & eopied, pyergthingrvaithin that

enbodi nent s of e Jpr.es i nventian nltem t .

nem SESRIAT B SrToml 1B SRR s AT By Rapb PR R Rigrane
| t emthelider T{r;ibf ofahdRérh iafidllifthe |Iteﬁfﬁls laSubt§pé ef S eRm (as is
for some enbodinents, the I[temis automaticall

dellie ot 1o Foverd) cabpeimants Wfdhe pivpRdiTTeRies whete allilems are

au [ . . I .

ol Rl 5 A nDRIREERANGETIS e BatRebinh), bl ettt
Si guibkydpe ibforraation (@ralt ¥s; domthtionlperdisingse theiparanalte@dUBype). If
file-and-fol der- based. systens). [0119] As al so

di Geeugwg! Hegp deingicppicd &y dbtneokaneiasr any dhaeqnyigay gso be
Caéﬁﬂ)@}éﬂe%?tm%%ﬂelt&ﬁ. common descri bed characteristic

such as (a) an Item Type (or Types), (b) a specific

I mredihatends complex-typechropanidesrany ektensipns pfeantyi éSthe onginal

(c) a specific value (or values) corresponding to an
n%?ﬁl&ﬁgmp?ws PLOTBISHIPES b e r%ﬁeﬁa&éw@f@fﬁowe
pr&ggg&gg&nﬁgg tprEsonal contact information m ght
automatically belong to a Contact Category, and any

| t emThaiengs cootdach “ownémhipatiatonships)ehdtiis shalberh'd own list of
i kew se autonatigal ly bel,gng to this Cate .

L RE e Tt T Tt e 5 4% Ras By e Pean L e,

ak C i VAT o i ngs
LGOS 100k G aemt g ek

\(/:\/n omoepiullzbelpwd 'amli gne stagadrhelave tharall Hems niust beleng to at least
. Ii I.t.
s bR B0 Rk Bl Rt B8 e kB

below—an embedded item is considered to be part of the Item in which it is

embedded for operations such as copy, delete, and the like.
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characteristic), each Itemin a Category has a conmon

type, property, or value (a "comonality") that is
walemsedsedl for that Category, and it is this PCT/US2004/024569

commonal ity that forns the basis for its relationship

to and anDng the other Items in the Category.

Mor epve?: tlrgwalsdeﬁﬂﬁcaltio%m s menbership in a
particular 'S not conpul sory based on any

p%d&g&t; ?t[egls 414 e&l{lg%ﬁ&fd%ﬁ%ﬁ%wghnb s ﬂgaﬁ Et%sls space with an ItemID. The
BaseClidre gl dedhésdya ficlll defUDT tyhe (AT ERF dtods @t identity for the Item. An Item
automati cal |y becone a nenber of the Category at the

musﬂeﬁvé\ﬁié?fé%’%ﬁﬂ@wﬁl@’ injthe éate glere 302st em | evel .
ﬁ@f u I1 err‘:xcé?%er x rlé \Aﬂaﬁ%{}ua‘%th%oﬁﬂ&% ftongzl 1ol to l%cate and

ose rshrp |s ase
idenﬁ@saml Ttesn. o]‘n the dpaanddet; agubstyact ype s desinedindrh&l EﬁﬁReﬁéfenGé from which

34 WD 2005/ 024621? g ? f52004/ 024569 dat abase¥1
all 1tpxpéﬁ£§retnﬁgfypﬁ§g?m{qq & eERnee gescﬁj@]:tyal(rgg q)ch%ned Resolve.
The RYsdEmeMBIPABIveL ﬁﬁslte%{Réf&%n%ce%H%gtﬁfré)an\ﬁ&}H ghﬁJMahod is overridden

onprise the Category's nenbership
by thel dongreteaubtypeshel IssmReftugned, whadhatripdensdnt p fipetine elmt k¢tdess an Item

d orie Iur i It ens
v elg AT B T g Y oRe R T St pliSB a1 322
ar p119eMoemsDREfeHRALE ﬁlbssubt}@%FﬁblﬂREferc'}ﬁg It Afnes43%cator and an
428, and 430. Sone ltens may belong to nore than one

Ttem[1p &igldrgheibpcater fagld npmesfi goigensificshen item HerpinFBlisiprosessadby a
locatﬁggesél]%ﬂ%n i%g%d th&t re%oﬂfe ’the! ‘ya%@f of/'lngLocAa(t)(ﬁL to %9 (?t’em (Q)maln The

are a
Hmnﬂafegbsbésmé$@nﬂ934 and 436 mhlle other tlnes

Calugst | Bempatitutrigine i ooRbiation geTgmiafarweerynat debnes a Locator
and &Féth%[&.m%bﬁﬁf‘ﬁafi\lﬁb%ﬁﬁeé iR ASEEH B gﬁocés@éfd by a locator

property automatically I es e ersh
resolGtivegethpd thatdan resslvathd \t&tra ofdbd Hodatoreo to ithm d:mrqndl éithe[Path field

f.eat ur Le S 1N, rder no 0 be menber
ot TR et B Stk Sl rBn PR SR iS4 e dgmain provided
by tHRil®cafoehi cal  structure of folders, both Categories

and | tem Fol ders have structures nore akin to directed
gr HB3AE] adhisHymero! referangy cwehbe uaeﬁen g sespperatipeihe reference must

r rhe albei t_.of
genel‘: (Hprg%rrgsnotl qléréﬁ%ﬁgg)sagh réfoglit prPcess eI:F[S }{{: ?lv? 81e]lhqd osf the storage
platfoh AT 322 progidés tigs fioictiesality.ne Items, |tem Fol ders, and

Categories of the present invention are not
chiagk e hersfergnge formpdiseussgd-aboye prgirepresepteddlough Hheyreference type

hlera%ha/ iNQLrAAaMa Ff rlqe% on%ﬂ#é'féf@ﬁc%ﬁ%@e s Yat ﬂméﬁ't ﬁ%ln these types can be

tal ners, therefore exl st
deﬁrtetiamtl‘mrsehmushThQCMI berusedinen mhitionhghyip ﬂmlarhm@’rms type efths target field.
in nore than one Item Folder |location as well as
bei ng o8.gani Kem FoldersGadatmegatespr ovi des an enhanced
and enriched degree of data nmanipul ation and storage

St e8I As@apaded orefmligtbeldg chaipd waltems edd walo amzed into special
interface_ | evel, beyond that currently avai | ab
Itemg galled dtem Folders (whichare not to be confused with file folders). Unhke in most file

systems, however, an Item can belong to move than one Item Folder, such that when an Item is
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4. Schemas a) Base Schema [0123] - To provide a

uni versal foundation for the creation and use of
WO t@a®2466@r i ous enbodi ments of the storage plBCT/ORI000624569

the present invention conprise a Base Schena that

est abl i shes a concept ual framework for creating and

rties....lhe B e . Schema. ..
scoefiefIELE B rbRP BB SRFS I Ton (EmE B SR paet ety fom
anotmirdtehhﬁld@ aliligseencef alitbagieacpenb ah ItehOmBy 8¢dud Adln di¥iBRAt Ttem
om whi ch subtypes can_be further derived. The use of

Foldtﬂm Whtias achel HeS 20FaRisan grchtheaiempanteoltersn Hepeve) aryltem Folder

B Ay I T R i —

withtottesr foldersmach thaetheyjersipn oVbt Hevidfolder HeesBas BedsedigilfBresult in the
h
ceteg i Sl RS S5 e i e o SR i ivention, an e
musto&'l S8 Qf‘}éhaﬁ @nk 1M FIIRES) (1% & thel 851 Mes M&pr&"ﬂ particular Item is
foundational Itemin the Base Schema (and i1t

deleted threas foo setn gmbpdimentsp i Ttefr0i zuqomtagcally cimtcdaoemh alternative

Fi.g. o several .enbadi,nen of .t he “
emi ks e B R g bhaB S S R P RBL T B oz 0 “Trash
Can’t ®din IFelR} cdnepptmally sigiilar Ei@NSiPRameN b1 ORRA Y Bassus 6 and-folder-

shown, the Item type is defined by the properties of
based ﬁYSéenﬁfaundat ional "Item! Itemtype. In contrast, the

to :

L0 s BODREC R, SR YRSy, Mg s s

on ccwlnnoh daiclnbedl blearaqmesrmue rstigh dsypean here I@pé (ote@pai);ﬂ(b’) rspetdtic
erty types are_jinterrel ated

lmmV@'%ﬁ% P?@ i [ﬁr&g@(gﬁg\gpwls% PHE) & pRegitee ‘ﬁll‘%ﬁ)(éf ¥glues) corresponding
to antIYéi’x? bro ﬁgﬁﬁ Fér @Rl Itte}i‘p&ngfrﬁ\i/}\g sﬁ)b&ﬁc ?Fdé)eﬂﬁ onal contact

Item the ext enS| on extends nt1ficatio
information ng ghtragtensicaliebdsngiosi Gontdat Glategnot, hed alasltan hlahaglcontact
. ~_may. have | ti ext.ensi ons. t der i
inforl oy Bisbfies o RN Fom Py RiolRheiShe o GRAatpgio biGise, any
Ttem B GRS fatlb@Sion pPdpRfty twath £ v it DBw YSﬁ(t OitESmisht automatlcall belong to
Rel ati onship for establishing links to its nmenbe P,

aNe‘a’Xyﬁ}kaItW\ﬁétﬁm both IdentityKey and Property are

f
S ARE AR REE LSy BRI e B g s e
Foldaﬁm JvRiprise bmk et Stea’foai]ﬁerr)élﬁbd @remvathoube c@n®a described
i nvention further onprise a Core Schema t hat

chargstesisigls §3CR I%%%%FGTSEOWHE%WWOPW% BIPPERY-T VRiUSHE
“con?r?(({r}gaél%}fgfﬁég fsWeS&ibefrl :fgr thﬁl‘%dé%%’o?y %!nﬁ &Ks ﬁh@ naht§ gw]t gorms the

ting Itens
basisefor 1#¢ midtiodslap t@and drhorgg thabihegltehe 1rpthe @etdgyryc Wlelseoim whereas an

Itemva IP‘FF%‘?@T’B }%%Pargﬁlﬁgﬁgﬁ%g%tslls ?ucb:tt cl(ggnmu?arye bg \Sﬁglg)f parl;lc@?,rsaspect of that

Ttem o cortaA BmBb N BlenBUtNtdrid Haflrgd doﬁalﬁd,ﬂaet}amegomauy 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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fol der-based systens is anal ogous to the function of
the Core Schema. In the Item based hardware/software

WO paosntamee system the Core Schema defines a seCT/082004/024569
core Itemtypes that, directly (by Itemtype) or
indirectly (by Iten1subtype) characteri ze aII Itens

ok OB P PSS TRURTR ) ST AR IOA: Bfmommieor

Categog® uRlas c@ﬁph@&ﬁe d:atreg ym@he&EasEs. in a
predetern1ned and predictabl e way. e predefined Item

ype21] 1 &g édllu%tW@Sﬁb%ﬁtn@Wﬁﬁlah@@hm betwedneltaras ﬁﬁemal“gédiers and
I @ CneS e
e
mentbarsthivas bsoltéradoriers w2 424 d26 2B emdnBie Soha itinimay belong to more

e P S b AR AL SOIPELS S LS B

402,404 406, 308) 4610‘%?1' MertSalsé BRnBR®f BR0 8P R oteSC RO ories 432, 434, and 436,
‘extendabl e-that is, no additional |femtypes tan be

whilg Qﬁleyp@@s,d: 14 eI(tng/4 T4, 416,148, duded?0t yipe belang hend@stegories (although this
predef.i ned deriv

h. ed
is laIigFgl rHrlt?I;lf n c%atm Spgtoglg}et%%d’?h @e@gﬁ%s%% Ly pgg),perty automatically

1mpl£Hs@Néi‘ﬁl§dr§lﬁp it CeRso9Ned tHud AETtER MDURCRLERo bt B&hpl'e&ly R¥tureless in
preventing the addition of new Itens to the

ordespoidfrity 2 nigiebes 0f pryategoay fnovush ra Arhodimentie In S@lttﬁiﬁt toltke hierarchical
i
strucg;ﬁ/"égf Iﬁg@%ggoggli grgfleft%r@egsagg tI)t{%ﬁleFqu%E Xav&s?ﬁ%% rﬁérela% 1o directed
graphy geshoWhi in ahy eneingrtke Iteng MGﬁBFcﬂdére amd (i geridegiead! Itkns (albeit of
fle |b|! g in defining additional Itemtypes while
dﬁﬁ%?E Ying the benefits of having a predefined
S etom C o SorltfaSi o} EL Folddrd) Jaaéhugasn Sfletine E@@%’l‘&‘é&é $nd
e present invention, In re érence fo
Categbmesqfdm Priceenk inyentigrpas ngmmmcteadtld:aﬂyt ‘bhys@}ﬂ’émf‘smhﬁﬁhecause they do
ncl ud e of the.follo

ma
not Y goreptial et s L R Gel P BInAp Y e e iesaey existin more
than @8€ kicddoddtivne The abilite Rir @88R ko ¥kt ifl nferb BHAMNE $telFJIIM& location as
Item based hardware/software interface system
well @p heip gl orgaaized inte faataghEes prpeidpgianenhinesd|aadehfighpd dsgree of data
tur
mam)‘éﬁ alSn IamPE&S#g tr%létg%r«[% %B?l\éﬂééslgaﬁ g}‘ne h%giv&ag‘l:@a%&ﬁg 1ﬁ{eﬁacer19\§el beyond
thatmmmﬁyratralabldmrthe witt h content that is not interpreted
by the Item based hardware/software interface system
but is gnstegehdmdser preted by an application program
corresponding to the document type. Events: Itens
that record gertaBas©Sdiehia€nces in the environment.
Locations: Itens representing physical |ocations

(e[@23] 9§8PrR & BhivbREEAbIABIN for M SR AR Sand!s€ BB 1t&hs, various
communi cation between two or nore principals (defi ned

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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below). Principals: Itens having at | east one
definitively provable identity aside froman Itenld

W@ 2008/0246661e i dentification of a person, organi REL/USI004/024569
group, household, authority, service, etc.).
St at enents: Itenms having special information regarding

o ERLH LR B PG ot 2ol SR T e cuncaions

set oE Qﬂo%gl}tleb itte Wil $Rms Y po@sds@ﬁﬁdlﬁ]ﬁ&ﬁs %aﬁd Ither co?Rspdndéng Item Types) are
specific perty types supported the Core Schema
derl‘fﬁéyfrqnh &lmgwnéﬁ@n@} Iterp maathé aspeckegla (eng Hgcorrespqndngg Item Type).
4 4/-0
Fr WA AR S 0P SR Fomar 8 e P BB oL B prosent
invef3idng ﬁm)BasBrSichﬁnmdéﬁﬂed dued top-leey Syp(eﬁtdtdnv Gﬁ(téds?im glgiéPropertyBase. As
tyKey .t i.n the Base Sc Post al Address

s 0%3} Bfn%dﬁﬁ?fﬁged pYd Prpyelﬁ% tﬁﬁ Pyrdatigeal “Heme Mg type. In
contBhtC Fhe-E@ff 'iev(eljﬁ‘bb&%dt ]fzfs@’pﬂa{stﬁé LY @Finkd H@%rté@ﬁfr‘d is merely

dress derlve fromthe Propert ype In
the mh@rmwmhaﬁegtherlmmytty@ @ dwlééamgmomgﬂmlmvb dll derived

fro t he Rel at oel ‘ he S
propply BEE fsaniet e eian PyBacH e deried BPRaRE AREE Ry s pe). The
Extehéi6n %&@r&feﬂ@dﬁ'&ﬁeﬁn@ﬂﬁidﬁﬁf&ﬁ@@ @Rteh6i6h bxads dsaralt Z{EQden‘uﬁcatlon to
Rel ati onship type in the Base Schema) These Itens and
dlstlm%fﬁ)eqrtq exéengiop framp pnpsher ga g Itplmeraamlwe eylipleeyisasions e

?gtngﬁl '3 d[sg%? bt;\;gf: Z%" ?18 rIItSEf 5 tgathl%Baddﬁion to the properties

inhemeﬂ dtonohtsin] featundser EelemmShﬂpdm mabﬁiielsmg lIlﬁkﬂd) igSn&abers @f any),
as tar The source_ltem and the

and t ot h I te
whereag 5%9 Focpniboeanddirpeaty 355 Sibhwer of REpPEHYRRSS: CotpggryRet, in tumn, is a
Subtﬁ}tgfqgeﬂtﬁﬁ@}general ly controls the life-tinme of the
shi

relation That is, when the source Item is

del et ed, therelatlonshlp between the Itens is al so

del et ed. [ 01B)X] RE€loxe Sehremid ps are cl assified into:

Cont ai nment and Reference relationships. The
co13phn¥atione¢rabidimsiis péthe srorags| plathem dffthe piesent dvaenthnm further

o5 R W S e £ LS ORI RS 0 e

struched. | Fid S8 A & £6lotk ﬂlagﬂﬂﬂﬂlustrdtﬁl gVients in i @ﬂe%ﬁéﬁl@%né'liﬁg 8Bisa
classitied. [0132 he Contai nnment rel ationship types

bloclg diagfagt tl}véﬁrattprgd:bg pfqu@y bipedindbe ForpySdwaa. The distinction made between

files with different extensions (*.com, *.exe, *.bat, *.sys, etc.) and other such criteria in 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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Enbeddi ng rel ati onshi ps. Wen all hol ding
relationships to an Itemare renoved, the Itemis
waledosoeees A hol di ng rel ationship controls the PCT/ES10047824569
of the target through a reference counting mechanism
The enbedding rel ati onshi ps enabl e nDdeIing of
3 V . -
Porei iy Faf & 3o RinitCne (CAR Gillondis 85, RGUITE Ty s, mo
addltlonahmtem ﬂypd:sdnan@e subattypﬁd direstly fiom ’(thIteﬁﬂtyb& anthe Basdd¥chema except for

the spRHAC ped it L agibd ﬁ?gﬁpﬂ%ﬁ%é&g@%fiﬁ%onmwﬁ B migenting
exteRor th @ﬁ@@&re@ch@rﬁé( (tRENE, rbgrsﬁi’%%gg% (%T?j g%‘g%% %tjfgg g the Core

rel ationships. -38 WO 20
Schqn@) 3B st@eatgrpéatﬁ?e*mrrahmiate@ tishispf tte Got Sclema Hémttj’rms since every

lifetinme of the tar tem Th be da
subspg) LT AYPY s Ay Srety T B RSRL e o LBLIPBITORS ohfuhptpicture
enabléth REsonssld db@rebBHlBExibilief ﬁr&ﬁﬁﬁé Ad@itloh SMEen?PhehBe hiBo preserving
t he gl obal |tem nane sFace (i.e. including renote data

the @U@ﬁ@@fhaw{lg)imﬁdeﬁi@?dcﬂ? picoanliemdypasoes not
P AL AT TP R o

the spaciéid (ﬂtletrl t9pes supporfedi byghaCosd %b@lﬁsﬂiﬁynndﬁ@éoneﬂﬁtmm @i fhe following:
the source or the targjééhltem simlarly, adding a

rel atY oféfagpriero Hems of @effypﬁéandﬁb'mwdealwg@therqf@m) represent
a) Rela

o1 ot on SoeLr B Rl B Wby s} efgg svsem.

el emant Commdaitiest Bt tmbane idamiEiable tﬁﬁg@@ffvaad: | n the

Nane attribute. Relationship type, one of the

fol I owi RgVicewIlgmsdiavmgtidegirslgirurrethat fupporiinfpringtion processing
spemﬂg%)lbgl Ee Type attribute. Source and target

endpoi nt ach endpoint specifies a nanme and the type

of the Doelesdeshd wilivontdéhs gduid entemeied By theilRhtbised

generally of type Item D (not declared) and it nust
7 of or onBEIHATY SBNF Hinias 5o8 SYperRl ¥ s dnsined Taisrprgfed by an apphcatlon

relatio nd Enbeddi ng
relati oﬁﬁ{g{%%h&%%sg tcgrrl%tolzt% dgmm n eI d nmust be of
type d t ExtidRdtepisahataecnd ceﬁalmusdurxfeﬁéﬁﬁﬁ feeenadiodrh&im i n

the same store as the relationship instance. For
Ref er‘bn@@c%t@lfl&tlif‘@?ﬁsrﬁpfﬁgemlﬁg physiepd docatiensdie st geegraphicalflocations).

ot hor® Sopaie® 1ot Pl bRaGHTREFp! b ignl (@efinca

or norebéloads of a scalar or PropertyBase type can be

decl ar ed.
e Principals: Items having at least one definitively provable identity aside from an

ItemId (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 in reference to Fig. 8B, the specific property types supported by

the Core Schema may include one or more of the following:
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These fields may contain data associated with the
relationship. Relationship instances are stored in a
w@bwbabsesel ati onshi ps table. Every rel ati onshP@I/US2004/024569
instance is uniquely identified by the conbination
(source Item D, relationship ID. The relationship ID
i S uni C '
r el a?l %%ﬁﬂﬁ%&s S?X%i df’fgrﬂ tﬁ‘eofﬂxl;m(?atlo le]E;poPeré%aa?{ane 1161113 Base
their t$qhema) 0136] The source Item is the owner of the

rel ati onship. Wile an |tem designated as owner
cont ol Rringial [deqntity Kexs (Geriveddrane fretliemiyiKey typaan the Base Schema)

10 2805 D9 B e BERGA bwerd Ba B SR skbepidge
pl at feor RichRlexB@&riPédONbrE &g P@?Wty%% fheBasxpaRhiy
rel ati onshi ps associated with an Item [0137] Here is

an eganpfddrgss (éem‘eﬂdefmm ﬂﬁﬁrpp@‘efctb/m bt the Base Schema)

:gg Iu ?E: Iel%ﬁﬁtt}kg 8)/1@3?3 (&%{'bneﬁ#ﬁ?gl&%gﬁg i _;Igg;}g%ﬁrq ?@ Base Schema)

<Tar GetRé\EOBcupﬁﬁ?ﬂ} @é8ed tréR 'ﬂﬂé’ﬂ@ﬁaﬂor@ﬁ? t96¢ in the Base Schema)

Organi zati on" ReferenceType="1tem DRef erence"”
<Pr operBysidiaesenteSdari vdbafrat tmlpdaﬂctﬂshlpstypfr aghe Base Schema)

Thesgk;g%lggﬁﬁ}/cg)lealremt eTbF%tdfegﬁhTag %gg eépﬁc 5 prl%ggr%%g seet forth in Fig.
8A affdFRPERty Name="Ofice" Type="the storage

pl atfornilypes. DateTi me"” /> </Rel ationshi p> [0138]

This issan exagubsshpls @ Reference rel ationship. The

relati onship can not” be <created if the person Item

t S :
e;{?gitid.)] Alkg%ﬁ&% Nips %éeb&ine ?elﬁﬁ’é&{sﬁ it e%re (ﬁ'{é%tq‘te:e ’ B?%selgﬁﬁted as source

son It e
and thebther bernlas prgets ffhﬂ S(BB’CGbE@mBBdI thertergpeltsw areankdted by the relationship.

e QB S8 L RN E T . e o e

is del@@deﬂlﬁ‘;elaﬂ%shfp Bebwechadn@itengis 4% ddniet.ng Rel ati OnSh' p
Hol di ng rel ati onshi ps are used to nodel

r eliOéiS ncReladenships aeeealassifred intpneontpmmeneandR efeeneawslationships. The
contatil%{:l&ﬁtrellaﬁgl{gﬁips control the life-time of the target Items, 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 Item that is a
target of an embedding relationship can not be a target of any other holding or embedding

relationships.
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[0140] An Item can be a source endpoint for zero or

nore relationships to Itens. An Itemthat is not an
weniwsaesds | t em can be a target of in one or NDOPET/US2004/024569

hol di ng rel ati onshi ps. [0141] The target endpoi nt

reference type nust be Itenm DReference and it nust

SO0 SR B SRR B s, Thy
be da@ﬁﬁ@gcﬂld thifget JtérR niiyNRY SXBNR efRferlch Eelitfnglips EA0HISRE to model
The creation of a holdj ng‘i rel ationship I nstance and
C

refergnges forlégms aatvhicre in ghe gllpd dicmgname spacal erineludparampisriata stores).

Addit 10 . ] . A o o
L IG Pl R LA, SO e PR - GRBcR R Avptications
mustleaglicitip kadiuag tiecdebtiboshspyi qf ah Heia e &ddiidd) ntodifly @ deta@iBhship does
as,.target endpoint is deleted the target. ltemis also
not nH)éiFité(tté% SOUrGAPI\AES i@?ﬂ@%lagwdesg@orﬂaﬁga%mdoqma@ﬁfect the
sourcERgrebtR&s. of the endpoint Items specified in the
relationship declaration will generally be enforced
when an instance of the relationship is created. The
types of thed)enddR¢lationshiePeclarationot be changed after
the relationship is established. [0144] Hol ding
r ell043%]onEl @@hpﬁ sslatiduelyipitypes atendeffimedimiy) thhtollowang elements:

nanmespace.. They. contain the." " property that
o | RboX FHESIE e iRt URUGT BRI S 1o ( he
sour ¢e Rél@ﬂiﬁnshiﬁ%}ﬁ, bfd &ff thy ?olfb@ﬂﬁg:'l*fol&'iﬂg%b%cgﬁl}g? llﬂ_f_:ﬁéé&ﬁ:e. This is

hol di ng rel ati onshi ps sourced froma grven e
or der edspe¢i§ied of the Ayge atgtitatié.ve names starting fromthe

root ltemto iven |te orns the full. nane to, the

Cont (S R RGP R ORGRI Pt APEmArR L qupe of the
acycl i ceftr@rbd ((BAG . Wien a holding relationship is

created the systemensures that a cycle is not

cr earedlhe Jouseendpintfipld segenetaBy bf tpe IeodP {patciecoxdyend it must

DAG. 146 ile the holding relationship.control
The. |1 FEIEFiTEG 2B iepyia tphiedla gore o g BLOA TEGHES of
the QpefRHAMAL 16@RRLEIARE Yelé%fon%ﬁlﬁs,tﬂ?er Qffet SRR Held must be of

Item The target Itemis ~operationally 1 ndependent
f r om t higp¢ temiRRefereoomand it mubtrefegince ah dieudi inghe same store as the

rel ati onship..Co Y Backup .and .ot her operati.ons

on an 11E0RR HRlnce. FBY RerpreREs Wy BRthiR, B8 Lar R bRl an be of
do not angfHepRefélfice tperiddah refredcd REMSIn @herldidtagdPBtform data
relationship - for exanple that is, backing up a

Fol der St9%&m does not automatically backup all the
Itens iR the.folder (f ts..of the ol der er
el b SR Spompt el Siatsning HrOrAVEREREF soppe dectared.
hol di ngThest atidohtkicpatain<dded bdbmsMinith the relationship.
Nanme="Fol der Menber s" BaseType="Hol di nq" >
e Relationship instances are stored in a global relationships table.
¢ 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
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<Sour ce Nanme="Fol der" |tenType="Base. Fol der"/>
<Target Nane="Itent |tenmlype="Base.ltenl
woredosnaree Type="1t erml DRef erence"” /> </ Rel ati oPGTUR2004/024569
[0148] The Fol der Menbers rel ati onshi p enabl es the
concept of a Folder as a generic collection of Itens.
relat?% Taﬁgt Ft%og?ﬁl gaéﬁ%gﬁ’%&t@gﬁ%gééc%%ﬁgggq%& (gsm%relatnogfshtps associated
with @h Itetne |Ifetl me of the tar get Item They enabl e the
cﬁ’ﬁ%@tz ound 1I tg : 2005/ 024666
0 EVCGQ §&¥MRH P 'E‘)felal*FPé‘SI&‘Péiﬁ? PGHO®T an enmbeddi ng

J: ", it " "
[erglﬁﬂgﬁg%@&f @?%Fﬁoﬁﬁ%é ﬁggi:@gf k@@tertcs +s 5 be a

l/>

sour ce F 0 —n ns‘t "
However, K?t ilfan% %H{pbﬁe}l? £l ¢go%0etc% %3[3 f/‘ one
enbeddi g XR_,% oI hat is a target of
an enbe %: IEE? EW% 538 ar get of a
hol di ngpla@? Yé’ﬁ Tlmf f51] The target endpoi nt

r ef er entOPSTHENANST' Eé’éiDlaf HyPReftle $erése and it nust
refer en@létf@?ﬂrlf&m@ﬁDﬁWTtm '/gane data store as the

rel at i oRBdeperty Nememtefficg'OlpR}f"thhstoragees of t he

endpoi nplatforeniypspBeielimel' />n t he rel ati onship
dec/Ratasibhshipi | | general |y be enforced when an

i nstance of the relationship is created. The types of
the endpoint |Itenms can not be changed after the

r el0438lonEhis s ansexemdan s %Rl@fdrenf@EMPnMMHﬁ]gtlonshlp can not be

e 0 RSP R AL s GRS APY v ie

perscﬁldtdnaisl delang, ttHe r&l&hbﬁﬂﬁp ﬁi&Mntd@Giebbd&nﬂwpe@éanaﬁhﬁlo@gbn@fatlon are
epbeddi ng, relationships that source from

t he
deletth Howavshm o WEeAnTzadion (e dekied; the selgfiqnshipde pgt dedetedhand it is
danghﬁ?m al so copies all its enbedded Itens. [0154] The
low ng is an exanpl e declaration: <Relationship
Nane="Ar chi veMenber s" BaseType="Enbeddi ng" > <Source
Nanme="Ar chi vi®" | tBollyneRelatipnshiphi ve" /> <Tar get
Nane="Menber" |tenilype="Base.ltem "
Rel0&3Yn cdaldprgrelatiendhijRefre ned de moldel refdRerop eotnt based life-time

mana%?%;%ﬁlﬁ%? Zett}lﬂé e—"the st or age

[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] 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 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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<Property Nane="Si zeReducti on" Type="the storage

pl atfornTypes.float" /> </Relationship> d) Reference
wRedoa2weshi ps [ 0155] The reference rel ati onshP@I/USIE4/024569

not control life time of the Itemit references. Even

nore, the reference rel ationships do not guarantee the

exj nc : : . h . .

oL Phebpl S L it s S A 1 E1Sh Bt i Faration wi

generhdlg|barcaforeml widn 4 instams of gt retabienshifefset«ngie The types of the endpoint

rel ati onshi ps_can be dangling. Al so, the reference
Ttem} giniot BREMTESd aheey @E@R&é‘llp gse%gabflﬁhedot her data
St @189 %fﬂﬁ%oﬁﬁ%@%ﬁﬁ%@l&ﬁ%ﬁﬁn& n@hed3cd They

cohncept simlar to pages. [ 0156] An
contax thegNenwf” prapfegtyeha elefindsahe pasdhofithd ergetdwni wintivs t¢ the source Item.

i L 1% YO, F0051 084000, BCTLUS2004 024585, von ttem. The
ordef8a SiStTYMETS rélefi ) BNER startifcoReth Ghd foRN Tty e a PRGHMRH forms the full name
It emlype="Base. Docunent "/ > <Target |temlype="Author"

to th¢ {emTy pe="Base. Aut hor" Ref erenceType="1t em DRef er ence"

/> 0 ypes" ] = > :
TP A0S TP 6, 3L SO IR i ot
relatiphglip orordy@bihe syasm kasrdbhit'a dyeledt Red aédtad) shishsuring that the Item

[0157] Any reference type is allowed in the target
nameSRSIPTES 2 PRG-I tens that participate in a reference

r egoaaéﬂo NIR tEARb186: anm%tc%ﬂhw% life YR8l s (RE{LERMER, it does
§ e del

rel ati'onshi ps are u to nost non-lifetine
not coeinelghereprrationg] eunisisteshy pHthb érgmendpdieritem. Shedargehiéem is

operfiipahy BET PR Rrara i Pt BAu o bl GFLEY Copy.
Mové,BRkin® BebtRs: opERRiIchE bR b REM thetlidh bARES Mk KNG elbi$&dhip do not
to target Itenms in other data stores including stores

affecpthedtemethatismptnget of the eameglasionshipi- Gyrexemalethat 15,0pslang up a Folder

The fol | ow R Ul es d '

e 36 BB 8 o P PGB R v

relatiogstag) | y one enbeddi ng rel ationship) or (one or nore .
[0147] The following 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="ItemIDReference" />
</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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hol di ng rel ati onshi ps). One exception is the root
Iltem An Itemcan be a target-of zero or nore
WO edosoeree rel ationships An Itemthat is a taPQEUSIN4/024569
enbeddi ng rel ati onship can not be source of hol ding
rel ationships. It can be a source of reference

s o B b SRR P RS A

targ&idgric en @timﬁmsmlaﬁdw Andtent taIte parend zERf @ mnese %mbeddlng
relationships. _An Itemcan that is pronoted froma
relatquslélpcgﬁWﬁYﬁr ngltedn cait bt tapget ghopsBmlngne embedding relationship. An

Item tﬁﬁtqg h?zﬂé&'o@ an n%xbgﬁ(ﬂﬁ%fe'ﬂﬁmﬁghlgt arf t%%sa]r{h%?t (gfoa]‘rﬁgél{l% ?elatlonshlp

| east “one e ormo

p r ¢lsA]  The earbetendpanfplardree «mxéenmsn be ItémJUBRaiteramas BB must
The ordering is acghj eved tt?x ro erty naned

referem@é} temp jp theisamp dala SIOEF at SHBrPFEFon. There i s

JSMVDFUQ‘BQ c§ @Fﬁl‘éreﬁﬂ itk e@ﬁg@ fn 1fhb %lgnon-gﬂffa REQEHion will
-4 2005/024666 PCT/ US2004/ 024569  of

genaralyahd anferiappwhon arhlnstaeces@ﬁbe tedatipastiip perrap:écd ;Ihzaym off ¢he endpoint

nat tee howev it.is eed t hat they

nemfiShn S0 AR aSBOUE Seicrspips RRBRRE  ower  or dor
vajug3pn @n’ﬂﬁﬁ@ﬂh% relﬁ@érﬁhip@ a6itd) $he/épebatiohSNRhsisRAELs1 the target
field val ue plications can get the

endpog)tak orspampledhe ﬁpqrﬁ@rbreffsam tzingr ofeyn Lign mey éndlydy serializggion of all the
emb%?bq;%% &?ﬁ[‘tfcﬂﬂné%tﬁgysro%%etm Biat ﬁ@ljnaats g%p%ﬂ 'aﬁlo?thegtg% fst %?Rymg an Item

I nstances source roma
alsoaopaemlﬁﬂs erdbakiedltsmgl e collection regardl ess of the

e _rel ati onshi ps r . collection. This
ﬁ%\?g éﬁﬁf‘é\lﬁ}"@g%lstwaﬁlp declesatioBnshi ps of a given
t ype (e<BelatibhirNMRODGEEiVeMRIBeRN) B% @Q ]:ﬁl%é%l@fn%

th | at t
re rela ;ﬁzfgbgﬁﬁ wgg;ﬁg? el B

i npl enent a s r@ ordering
of relati onsh Q\%p 8]'%5@ are I ntroduced
to help expl er ’&ﬁsTypq:\’eT iSfLRES s t he
first relati B’ﬁ’%ﬁ? LyResorENio(er ed col | ection with
order val ue <EIQPFETY Name=fair¢Reduction"tTiwerghe storage

rel ati onshi pplatfonh”éymdbatéd>col | ection with order

val ue O<MaatonshipReZX is a given relationship in the
collection with order value OrdX; RelPrev is a

cl osest relationship in the collection to Rel X with

order val ue d9 de ¥erenc Iﬁﬁarlt“tnps QPSOr dXx; and

[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 Items in
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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Rel Next is a closest relationship in the collection to
RelX with order value O dNext greater then OdX

WO 06B824666 e operati ons include but are not |i mMPCEUS1004/024569
I nsertBeforeFirst( Sourceltenxl D, Rel ationship)
inserts the rel ationshi p as the first relationshi p in

t he coll T va] [
t he neW&% a|t18 il gle en&ﬁgﬁ)r af"r]‘é/ﬂ?%oagf&?ﬁ%‘ie ”
I nsert Aft er L3 f’%o ul?fé}atlonshl p) inserts

the rel ations® ya% e Q%I%me dPationship in the

col I ection. THeraghltereType Huthot) lirmTynsrOBesetAuthsr't he

new rel at i onsRefsraraglype=diceaiDReferteas” O dLast .

| nsert At ( SouiPocaietterlep)ﬁ—'M ‘BekatCanthiggpryiResett s a

rel ati onshi p <Rirdperty Mype-sasildyNeheralype="ths storage” Or der
property. - 4410005 AR4eh4(136)/ IS2004/ 024569

| nsert Befrslgicpamipsel tenl D, ord, Rel ationship) inserts

the relationship before the relationship with the

gi ven order value. The new rel ationship may be

as $01$Tkd AnyQeftesnte vyleus alidved in ¢hetatgee endpOimd Prleviteamscthat participate

. d jnclusive., | t Af t S | tem D, d,
in s R ORERORY R ke & RESPBEL | onsni p af ter the

r el @iSsp N ReigedelrblatiG@hips\iRused d8molalmiest nd LB fIPNE management
relati onship_may be assigned "Order" value that is

relatipuships hetyiegn Haas Crigeeihe exigigncy ofdheitarges is not enforced, the reference
relatﬁ%fﬁ?q% 9(% | onsﬁ{ t%%éﬁmolgsdgen prlgf %: %)%xgﬁps pfllh egc?ee relationship can

be ubddeo rtagatltmhlqmamdhﬂa smmnéluelehg storebaim’ othéﬂ dcb!hpuﬂéiﬁ@
relationship may be assigned a new "Order" val ue that
nQn-i ncl usi ve.

is between OrdPre

l\/bveAfter(Soﬁ}ceI &ﬁ‘fsﬁndo(?%“s"f?é?fétl onshi pl D) noves the

rel ven relatlonshlp ID after the

r e@é"f) 2[’%?8 meﬁgg itipyal gyfes gyd copstrajnfs gaply fpjgrelationships:

rel aty o

et oS RO AP G RSl S of G o e

previ ouhblyhnmtahorﬁnbs) eiquxcéptmm isrthetrotd tean . amiem ceii be a target.of
an |tem Fol der. 1} termf‘ Rel ationships, every Item
AP

must  had&oLr Mare FSIeraass P}IDSH |t em Fol der. In
sever@l AnSfo RN 5‘3{ oft Jﬁ%e&ﬁﬁé@&ﬁ 16&K§§Eah916t bE&E& dF holding
ns

rel ati onshi ps are represent atl i ps
exi st i nelitenskips It ten Hetassomree of reference relationships.
e 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.

e An Jtem can that is promoted from a file can not be a target of an embedding

relationship.

) Ordering of Relationships

[0160] In at 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
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[0165] As inplenented for various enbodi nents of the

present invention, a Relationship provides a directed
whrewanysesel ati onship that is "extended" by onePCT/8R2004/024569

(the source) to another Item (the target). A

Rel ati onship is owned by the source Item (the Item

of th% %ﬁ%{pﬁl@lﬁ? \gv%tﬂ éhesscsa%ﬂ, €. grc?egt Sré)ﬁﬁx%ggalkllqglsgfolt g{l]qsﬁgﬁtgecf ﬁowever itis

guardigdedithQNBEY Bay Be ofdietc@la@er WRAIANSISs WK [eer FbRIBY T Walue and before
del eted) . Mreover, in certain instances, a

relatipaships Wik highentoyders fisldeabener shi p of (co-own) the .
ﬁ]@@@# d%\ﬁgﬁdpaﬁgfgs éar t%é ?‘or | t?ghsglga I@Qfe dﬁfa)u[t o]x(lietr%& orde'rlrlllg on the

com‘tﬁiﬁtﬁihl ((ﬂmhieﬂefnm Bﬁ@NthhllpI]FI @rder). AlrrelatiensBe) iattasues Bdurced from a
property type). ﬁse enbodi nents, creation of a

BiverhliGin PEHEGI RE Péﬂg poloRueRRaescofiths type A& therelatienships in the
coleEShETARENEOH Bt o 28kscH R oF L 20, Sigepicmvery
are apnrdehes qubsg ef thetrehtmlﬁhrp tollesteonsfoee ighien Ienbodi nent s,

| t cantinue to jst.if they .have a reference
c IAp2lgr Lo g Figisr AL 13 for,manigplating Felaan RiRf Iy eRl eyt of
operdtfons ﬁrﬁd speRt &Mr@@f@élaﬁcﬁﬁﬁ?@ ' STHeSbRowih "-‘!élfhs ﬁ@m‘t&@ﬁ@ed to help

Folder is an Itemthat has (or is capa Ie of -
explapptihs/aperadiess: PCT/ US2004/ 024569 havi ng) a set of

Comt | Skt Vs e B OT RO predie Bt gy value

actual omFigentations of Relationships are possible

and anti ci pat ed by the present invention to achieve

t he PunBe/levas ﬁhpﬂasa@éaimnﬁem ithiée erdered @lgeforRedaptlcesslue OrdLast;
of actu enen a_,Rel t| onshi

cel ot b8 TR EREE A BIer P R Tt ReT o B B e

abi | bt YRE/PFerARa l:to%é@t FQatRREIRP In 1R d&ﬁé&m‘iﬁé‘ﬂe%ﬁh b?da value
Folder, as well as to one or nore Categories, and

whet herOI’dﬁgESmaléﬂlrﬁhenF@fdd’eﬁ@i and Categories are

publ | c

gi ven t Z{V Fr% 1B&F a][é)ts‘dégﬁ t% at)(%?}%}ﬁ{) ?&E‘e %ﬂﬁ%/cé](?fl) 0 F\ﬁﬁgwﬁg order value

| t em bagrMNexs bfcktet tHef Ordlfese | ogi cal Rel ationships are
t he neani ngs assigned to a set of Relationships,

r a6 ke eifergiops mcéudeuhupar@rmhhmtp@tp whi ch are
Zggglr If Iblzz rﬁ%ﬁr@?zrs%%éyr&g{ten@ Z?tefaézﬁg.%,% % Ejnggltésl the relatlcynshlp as the first

est abl i gheidniied el cdinetibh.eMeaathel dfshe @AY FpRbsERH/ (Fhhe new
or Categories (and vice versaé because, in essence,

| tem Fdlek@élpgs%ﬁla@?é@éﬂﬁ?féhen rdFishch a spe(:| al type
8]; LES?&S%@?}@%E?.%Q&O#&QI em B1 Ig ?ag OnIZS%l )h g§e @eg{eiag%%%tgg Qs the last

added tﬁlaﬂﬁnﬁﬁ@iﬂ theeslgsgen. I&ﬁh@ﬁfé&ﬁ the ¥ Grde@Gd@itty, of the new
and so and so forth without limtation-and Item

Fol der srelatianehip egy e gecates thepOrdbastal i zed and
de-sgrigllzeds %ul@?ﬁ% %]Igf f‘c{]?&eﬁf_&%?% 0551 ns%'ﬁé A litﬂa?lshc'ﬁﬁth the

mechani ‘SHE ‘& or o
al | |t especitfiied hhlub dreha“Orlket airogatyl. on for rrat and this
format applies equally to |Item Fol ders, Cat egori es,

and Itens.)
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[0167] The aforenentioned Rel ati onshi ps, which
represent the relationship between- an Itemand it

wo t@sioEsbeler (s) can logically extend fromthe PCEDS1004/024569
the Item Folder, fromthe Item Folder to the Item or
both. A Relationship that logically extends from an

Iltemto_an |tem Fol de enotes _that the Item Fol der
is pdbl {”ée"tt%eff”f‘?étg‘”f’%}?ﬁ"éﬁ)d ot &eladionshép yEeist Whirgationship before the

i nf or mafel pnWib With!h@bived §%ker CARY &S Gbrefalibnsh i
| ogi cal Re gt il%néhi p 1F/om anrft em tg%ger?rflt E%SF%%}?& Bsigned
denot es“Otdedt valteghittiebetmebdOrdHrev mrd ardf wontimeclgsmat 1t em

and does not _share its nbership information with .
t hat *I t ”t@?ﬂ? S%F%e”ﬁ@wiﬁemgww pserty g redafiqnphip after the
ext endsreiafti%ﬂ%tﬁ% lw!it'h%ﬂ% gl%rg&rdef fah%.‘ Tk 8% rglgﬁéﬁsﬁgnl %%?Be assigned

the Itemis public and sharable to that ItemF
wher eas“@ider’] wadie thét inb¢tygercand anR&drdNexnsdn-nciusom t he

Item Fol der_to e ltemdenofes that the ltemis _ . o
or vt VERPAGRL SHEFITUD O RElERHRL ) ARG tyefagigpship with
Fol der gi§el?i‘dl)aﬁfoh§lﬁ¥‘l]9 befRé IHRrelatSrisRIP with speRifled®Order” value. The
"public™ Itens tha are shared in the new context,

and wherelationship may dgrengnedianew tQudst Falusdhaf is betweeth@rdPrev and
sharable ; ltens, Jt is the "public” Item Folders that

provi de TheTTsm Wt h i nf or mati on regardi ng sharabl e

ltems th@be -gm;-&émvrgmomt RB1a16)HHBID JARHRRB he relationship with
PCT/ US2004/ 024569 = [ 0168] Fi gi 9 is’a block diagram

i |1 ust r @ivemeplationship i pErioibe rglelianship vaigusnecified “Qrdert wahne. The

Ret ot | ot B B e el Qo Ml AP SR B gnd Oraexs

I tenms. ddieinklweiveFol der 900 has as nenbers a plurality
of ltens 902, 904, and 906. Item Folder 900 has a
Rel0d6#lonés pbevmlwms}ﬂqnﬁgmryﬂ@m P’é‘ﬁﬁ@@mﬁﬁi‘g@]@f&éﬂ@%@dder- In

: . . !
cond B ARG P BB ORI AT Gl 1 v
embddimentFof therseseniGavegion) estainaelativesisps(atotepsdsentad by Ratationships

. .m gh aCCﬁS Item Fol der 900. However, there is no .
eXlStﬁ@lkﬁi‘?Wé § 5% om I tem 902 to the Item Fol der 900

thzoq BsdenQt@plekdeaied Foromribas SBbodents Df el préest inténtioh&im
902 and does not share its menbership information wth
Relationshipgoavidps e renter] bingry rélationshipghathiariextended sbhemltem (the source)

|_at.i [ 4 ,f i.tsel E iC
RN T TN —
it), and thusereIRslsthirghipié famted dithasduicd ik eem O, (e g BRVRElationship is

there is no Relationship fromthe Item Folder 900 to_.
deletpd wihemthe sprTce Aterneis delsted). hilorqov eimimertainsingtangess aRelgtenship may

I r [ her: :
s S0 5L 0 BRI B R PO 80 o
IsOwintcé peopertg(orsitsoagn)vatengtof MhegRelatashpyas thomnFialRigr7 BOthe Relationship
prop%rgftglg ! %S \e,:\ﬁgt oéi%fﬁntsﬁerlsgﬁc;@gqr}s@et}e%hl S@é%%}glg i%ﬁtitopls%ripe glflt)omatically
increfRhitd RRSHER Bkt onftﬁé’f&%eft el addddiétfon! &f%ﬂ&h%)ﬁelﬁﬂgnshﬁﬁ%y
906 has a Rel ationship 926 back to Item Fol der 900,

decranhing the refryerich epurd ondhetargebltemt &or §86° spscifigishibodaments, Items
con‘ci%&e:a {oaegclisef itt t?xe}lf fla%rg aFr% egeenrce %Ql?ﬂt glréa%erqga%b zeegosj a%g %re%rt]lgomatically 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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904, and any other Item Fol ders, Categories, or ltens
(not shown) that m ght access Item Folder 900, and

W bas/ot46e6n Fol der 900 is public and shares it SPCT/US2004/024569
menbership information with Item 906: [0169] As
previously discussed, the Itens in an |Item Fol der do

.nat_ need.t.0.share.a .c nality.because |Item Fol der )
navifis GEFERYRUEPRE oo ERBR rebe Smg AEHE Spniring Bieberstip of e
Ttem&oderd ©8igt iabrad] iplen@pRL 8F REMtibiiBipsiafe SREBRMnHANBLbated by the

of its menber Itenms. Consequently the nenbership of a

presqua invgation fosachiene therfinstionpliytdssrribgd hewsins havi ng t he
de ipe ' ' certal ' S | | .
RS BRI Sl e o BRI S bomcction

fromediie@ipict adnoshermalite aiikiyifeor sn ém td1Belbiad ®IA6RE thabhdi®, Item Folder, as

wher eas Itemtcgol ders @I gw trivial type structures to i
well g to e ddQIfi (@trepy s ARG MhRBRTBFSHIgHS: gﬁ@%@o&qd&at%gqr@ware public or
privllE TOELtSiRe PBP 8 nPAnin3E oARh kM exﬁ%ﬂ?@gﬁ‘ lldc?therg&i?rpAn Item-based

o ogli cal 1 n nature,

course Cat'egory descriptions are
struciind. Thesedégiral Reldansypy are theayedmngiessignddad alsyt efiRelationships,

l.ogi cal, represent ation of .types, operties, . and/ or
reganglith SEpistRl R Piseseh, Shicty RS e B EL B BT b B et the
funciea@igpadscAB Hegeih! BogBMed£lbnbhip®are @EMPlished bétQ¥En ARMEm and its
one of two properties or both. |If these described

Itemlodsals) prelatpgnrios andoaeceyrnsa) bagause, it esspiebe; Bem Fokders arideCategories

AT T W -

the sat wBy ak ieyrsthealtemng-dopiedeidded tdBabethain@iessAge, 2Rthelld®INE a document,
havi ng both properties A an [ [

d B. Th | |
and 08 At BA Gt OBeTat om Feldefaaed CBldots cen e serialized and
de—sér&ﬁkﬁrgggﬁi@%ﬁ exga%?edgvé{@ﬁ%%é Qﬁ}éﬁéchgﬁisﬁg IO8 Sther rI’ct::-:glnsA(l*“or

desc egory- are Itens having prope
exan@ie, Bo XSilhiall dtendsogiightelave peemalitsti¢n forert amdythid fohmaitapplies equally to

(W 'taga?n ." AND! X)(R and "NOT" alone or in
Itemgjé?m?ﬁh cghyiet AR 4F8%) be used describe a category as
\[/\40?71%@}9 Dgﬁé) hRerARdnRYREIBOSRIRE, Which tepr&lehifiBe ?elrlzgtionship between-an

/ spite the distinction between |tem Fol ders
Item(an@ut ﬁ@gE@]idb]é@)C&ng@]ﬁ’%tﬂld drom {hddisor todkelltem Folder, from the Item

|.es Rel.at | hip.to.ltens and |t
roldg b T lnrmoes XUl sRrb el BT s & Roan an e gyn ttem Folder
deno®s thlt 3led haR Goldef BipubAb aViBaf Idm hiiEshallifen éntiship LiféBnation with
i n many enbodi nents of .the _present invention. 01721
that ¥grg; copgessely ethp laskief gilegieal Relationsup femg lencin ayldery Folder denotes

ot QAL DA S 8 !5 TG i v

that ieah e §omyarhnd Relaionstipiiet logieatty extEhds ftah agdtesn HAO& thas Item

e TR B B e 5, 4002 A0 and 106,

RelaRb6RR8Y frbifThe Néth ¥ Rier & tht YRESIchIRS 138 1HQRA Isheate and non-sharable.
(commonal ity description 1008 ) by the Category 1000.

Con@aﬁ@@]@r th_ro@nlttmé“ olleRes expoeisio) guoth@d gystem, 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 is the “public” Item Folders that provide the Item with information regarding sharable

Items that belong thereto.
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fromitself to Item 1002 which denotes that the Item

1002 is public and sharable to Category 1000, its
woreeoes64.004 and 1006, and any ot her Cat egor i BCT/US1084024569

Fol ders, or Itens (not shown) that m ght access

Cat egory 1000. However, there is no Relationship from

t he,.l 1002 to, the. Category. 100Q, whj denot.es t.hat
cafabRFiE e § Blotk Fingtalt R ing Apdisdt EFfeSRE et 16 an ttem

itsel§ gy Bembér Ity Bed B liRelcbidctiBg ReRtivhships!betieeh AL terh tF3Mer and its
1004, on the other hand, does have a Rel ati onshi

membapliérey. ohh Kerm Fplden Qi s ryerBo0R piFdy gidian €03, A, and 906.
e ESOTRE 80045, P48 1, OB R BRI oo
is pubtit atid sitasdbilgto Ieeni Boldedod0; dsmmcaibeg @0y ah@006,tapdtahie otHefItem Folders,

1004 \M’]lléch (den tes_that Item 1004 i.s Cﬁ?réi vate and not
Categprfsatl Loib(neathoyey jhai gueht aress Bemdioldmster Sovge. hate is no
Relafi?%ﬁ%p 208 18Ry 9% {d8he fth§IRIek 960 whicBenbied & ﬁerg %%lder 900 is private

(not shown) that might access Category 1
to Itanp AD2 arsd daes not shaReitsamemhshiip snfofmatidnawikh ttere9@df Ytemi 204, on the

oo LS T BT AR et
Ttem R ¥ DOO 5 HuB1id @A® stk tstRerisdr @GR InforkP¥n with Bdin 904. However, there

al together denotes that Item 1006 is public and

is nodtalgtiapmintfioncied isst HoldguRe0 th fism J0drv highBatotes thodtenn@04 is private

[ Fqloder r lte

ot o3 PO ARSNGBk 00 GO Gy BY ST otacr

Cate 26/063( O2UGBH(nBCHOLRY B¥ I 26&ss It Folden d00.hEi conk@st with its
Cat egory 1000Q is public and shares its menbershi i i

Relapippsintdpy gk fictaqDite diems P8 gnd Per 2eem Folden 90p hap & fslagienship 916

. i S . = | ; .
rom RSO0 L ESL0%5 ROR DR 88 L 0 rofo0 i
togetRet ddnioterthii Ipern 804 tseub ko hwtbsharabivdtoteneF alders®0, anshembers 902 and

o0t 30 ST oL S SR S o SR e ot
900, 288 BRE ttbMEHYdedr BOG & fudllib aAd §ifkdats Néin ifBMhation with Item 906.
However, in various enbodi nents, |tem Fol der

st F169Lir &s pzavagusty disquespdr thediemgdn am Esmdioddesidomiobieeddp share a
har / re interface stem level, from
comfiiiF KRS PoR SaRelIEt ot ReRrbRS CH A oGl b, are

descbddis) AlE@Bmafiditakian istdnthdrL©tghS ifg hadditser IttMe. Consequently the
enbodi nents that prohibit cycles are akin to directed

memgeiship; of adraipgosy oplegsntiyniiaied tod{empdianingehe deperibed commonality and,
. i niidi i r.t y a I\, i .
incef i I Bl L0 i T8en B e Mg M ARRCATER of 5 Aol 283k Bthatically made
memberstodthe Gategory e ibudyimihieteps [teh FbldeFhalost ivid eyl stitufmrewm to be
Is intended to, be.provided wth an_initial set of
represHafh thed spembashibdcHiegpEs Ay membsrfase i the defined
comMBMAKEr, in at |east sone enbodi ments, the storage
platformall ows custoners, including independent
sof01i8l eOf epatoe CateSwy)desariptionsare dogiealin nature, and therefore a Category

may be described by any logical representation of types, properties, and/or values. For example,

a logical 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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schemas 344 (i.e. new Item and Nested El enent types).

This section addresses the nechanism for creating such
waehsesehy extending the Itemtypes and Nest eRCHUSI084024569

types (or sinmply "Elenent"” types) defined in the

initial set of schemas 340. [0175] Preferably,

: j : 0. L of ltem.a Nest )
Categb R APer@ip i oo PleahE bl o GOl 531 ey having property
B butinbospahdtIenmsHavigieeh pepertice X dnd (B2 SThik 1dbica$ HptssBfation of properties
. . Base.lte .an ISV is allowed to introduce new Nested
is deggtihed hy TS Jogical ppegaton IR plere tha et REmembEsaivsnibed byhe Category

{91 i Bt K . 0.8 e
ore L Nerin MR A QAL SR BN PRS0 R4ink yipout imitation
“ANEILTYOR” aanyl “DNPESalohe enin chimbirado) cnalb beakedEddsensd HBategory as

. . defined by .t Lnitial set of storage platform
will Q%Rﬁ%%atﬁi% ﬂ%@‘i‘%%@%ﬁﬁ‘glaﬁlnél temtype or Nested
El prenf DeastedBE HREECHIY Hehfeeh Mehi Péld&?(n nfdi&:%b‘%@)ga%d Categories

pl at form schemas nmay not exactly match an _
(descihsrl), EatqseriessR elaidenshipttoiltsmsané Hems RelatioatHipw CBvsories4Ssentially

[ US2004/ 024 to stom ze the .

the o S ARG oy o NP it S RSyl @ibndiments ofthe
presdatimaii@ns are strongly typed I(Bit aﬂces but éa) t hey

ca exj st 1 ndependently and | they nust be

at R’ggﬁs P10 13 A blask diggrampilueieptine erfkargory Ouliv), 2gain, is an Item
; i 4 t d I £ h .
e g Rp MR Tk bR BPRpafinshi BRism s Category amd s
membeiditess TheeCdtegdry il 000 /sy mdnsterea plGtaticeof Itding 0002, 1004, and 1006,

[ atform may not su

NGO HEMYT N R M T -
(comtaii§aleck @08 008 8 ﬁa@@%%ogg_ﬂg 068 Caiodfy 1|bgo g%d%%%lﬁtionsmp 1012

over | appi ng type i hstances . i
fromdiself ﬁﬁaﬁ?m dg() Ichaleseles that thd dteomEdiR)is peb)licl andrsharable to Category

3 i 7 T ovi Item extensihility, the
00 DR ERR DAL B RS P EE BAbh il ot st
that Bpbeadceisabaegory 1000. SHowerr, tREE i ¥PReb@6nshiiPidth ESR&AY 002 to the
of extension types. Applications can subtype _
Categorx d Ot whishidsnotesthat Gatesory J800 fsirsivesette Asmol)0Ryapdsioes not share its

k8 AR BESEELATR T S, LOGRD, 08 eE
Relaticgbhipt 102¢ tfrotrlitaetf"to CaRrgopet Q00NaTer ddrioessltRit 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
denotes that 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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Type="t he storage pl atfornilypes. uni quei dentified"

Nul | abl e="fal se" MultiVal ued="fal se"/> <Property
wol0vs0246%¢ ensi onl D' Type="t he storage PCT/US2004/024569

pl at f or nTypes. uni quei denti fied" Null abl e="fal se"

Mul ti Val ued="fal se"/> </ Type> [0180] The Item D field

1006380 Pl Sogors 008 Pl nckoehi e B HALFIgHP pih e

1006The extension can not be created if the itemw th the
iven I'tem D does not exist. Wien the Itemis del eted
al [017Rk Exalpishesaeseiategorinparsiditesn FoldatsRre themselebeltaus, and Items

L upl. [t D, Ext.ensi onl Dy, uni gyely jdentifies an
may KRR o e R BB Ml i ol R Bl oe vers, and
Cateéli@&NRBEAIFolJERE ahs [t8nBlchaR elaforshit to @theR TatdaBed, YREY Folders, and Item
Ext ensi on types have fields; Fields can be o

respestiveiytin gertain alieatist @rhodepents. yHeweves g varigyg espsidiments, ltem Folder

s e A B B s i | WAk g pgtace sysem
levela fiphycontainieg teeled. OWhengtesn Fddéramd iGatspocastirueaired@e akin to directed

ources, and targets qf re|ationships; tensi on type )
graphs, QiR IRGHS HEH PRk Y i 15?@?65@%3}9 grERtiR(DAGS) which,
by nfalmaEXAIRR LN Y BRS CH il thB&y U8 HirBded k@bl FHB8R dobath start
Y themsator age pl gtlform type%e?ﬁﬁlti olﬁs fO%Sg] There Ibath starts
and ende ahiiesamsvermént s on the types of extensions that can

be associated with a given Itemtype. Any extension

type isé6al | o¥stbnsibilityt end any item type. Wien multiple

extension instances are attached to an item they are

i nfAgehd&ht storagepéafonmas eendied tdoled provisled wdthuheni@abset of schemas

behavi.or 018 The extensi on i pstances are. stored
340,37 esge@s%é%wesi‘lﬁg@@}»;bow% lpﬁéanftéﬁmembodg&?%éﬁeoﬂorage
plattb¥R SIS WS LRSS s, AL Quding EREbi ®nf HoPMafe \génegé{lﬁgg}, %{‘T‘rlbé’c@ new

view. An efficient query can be conpose
schemes B+ (izl hew ftemi andtNasted Lleherd typesk iy pestioh addessas themmechanism

o R S P B B P PR AP S gy
“ElefRft€ltyd3pdefBRA in the initial set of schemas 340.
[0175] Preferably, extension of the initial set of Item and Nested Element types is
constrained as follows:
| e an ISV is allowed to introduce new Item types, i.e. subtype Base.ltem;
e an ISV is allowed to introduce new Nested Element types, i.e. subtype
Base.NestedElement;
e an ISV is allowed to introduce new extensions, i.e. subtype Base.NestedElement;
but,
e an ISV 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 ISV application’s need, it is necessary to allow ISVs
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store, retrieve and nodify extensions on itens. [0185]

The extension types can be type sub-typed using the
wat@sagsepl at f orm si ngl e i nheritance nodel. DeCT/vUs1004/024569

froman extension -type creates a new extension type.

The structure or the behavior of an extension cannot

1] I ; h [,uct ur e ehavi of the
to ci{GhEL 15 (9bc, THR Rafloh 08 bisiorlsR P EfiEg Bl ckeeBions g ronsty
typetlipgaricasbit(gpthe eambeeditiftshbnicad s 856 a9 tlﬁé%f B Be afth®ed to an Item
vi ew_associ ated wth the extension type. The Item D of

or Nestgd Elamsiéi on i ndi cates which item they belong to and
ca u : i S ' t.em. ohbj ect.
210 S5 B A8 SPROR) R e
interdpd o dédiress thathubityping” issesn Since, ihenpEriBEESentE, the storage platform
operatignal. .consi stency. The Copy/Mve, . . .
may HRE R RR P B R COHeR BF O YSRGS Syt Snmdicetians camgse Extensions as
a walte el eflabPih PR\ ihflfRes (BY DWREHRHEs 91T
aélxtensi ons afs)ﬁpg]rtﬁﬁof thgS ﬁa%m [01812]S é%%glg%célgnetnﬂgsweuasecme
docymggntlowi ng exanpl e. A Contact type is defined in the
W ndows Type set. <Type Nanme="Contact"

BaseType="Bage. | tenl > . <Property Nane="Nane"
Type="Stri ngaf Nu?{%})fxetgnsfl% se" Ml ti Val ued="fal se"/>

<P t =" Address”.. =51 WO, 2005/.024666

i) o BT R BER S RRsoiith A udts R P RBS afiggs an abstract type
nambdiBhseMateresitss. fTalssea oot tyfe Tpp@e hidddBiy ofex&@Mon types. Applications can

application devel oper would like to attach a CI%R/I

subtypsfpase ATtIione srreteseciip extppsionipatt s stored in the
st : | ' [ )
SCIV0F Mgt B, R0 GALLEM, AE L RSEp M s
addi tional data structure that the application can
ma T ypeNztre="Bads PderdpntisAiSRMEX TS On" BaseType="Base.
Ext ensi shropety NaRedeniDy Nane=" Cust oner| D"
Type="String" Ty lthestgrage fatforselypes.uniqueidentified”
Nuilable="false"
MultiValued="false"/>
<Property Name="ExtensionID"
Type="the storage platformTypes.uniqueidentified"
Nullable="false"
MultiValued="false"/>
</Type>

[0180] The ItemlID 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 (ItemID,ExtensionID) uniquely identifies an extension instance.

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

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

o Extension types can be sub-typed.
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Mul ti Val ued="fal se"/> </Type>... [0188] An HR
application devel oper may want to al so attach

wa@dashewe@l data with the Contact. This data PET/US2004/024569
i ndependent fromthe CRM application data. Again the
application devel oper can create an extensi on <Type

5 . fNs| on" >
Ul N SO SEERSSIRRR, BEsfepfish
Nul | abl Bxtehsibsecan fdibé bolatddedd tdradts 8F rémtionéhiyde>. .
[0189] CRMExtension and HRExtension are two

i ndefendsiensien hwgdnsanses eranot axistiadependentlydibm en item; and

Cont act cre acg sed
Indepen%ﬁ?ﬁ‘yﬁ Sfpe%é Dt %Sg’fgggp%ﬂ& the siggs glatform type
exanpl edefitigodd el ds and rret hods of the CRMEXxtension

type cannot override fields or nethods of the Contact
hi erarchy. It should be noted that instances of the

t han %;gn?ggﬂtg a} ‘%/18 gdi'?ﬂﬁﬂen tthg %9 (t') elar}s%gﬁq t?lggﬁc’n l?e assomated with a

given Etmi tepe d\nyi dxsensioanyexit eleiains eatedd A8 1t|amtt?%&llwt/l¢e®| th¥ltiple
retrieved. G ven Contact item its related item
exteRSATGHSIBIRS ARt A5Rc0E ABEHy sy guigdsneagentieom gichtpdper in both

Stmcgﬁggﬂ@bgﬁvwrew for extensions wth the sane Iten d.
Al'l CRMExt ensi on extensions in the system can
be [06186}3 s $bel exthnsperginstahess a@RNﬁ)ctl end hanssey pepavitely, from the item. All

f which o. . All item
extelsfChE BRRafes ai° 1EEmOIE RRPL: YRBacaIRgePh it cha 41 Ciepgauery can be
com@PRey thaxwaldt@n allfRe kRhaklofh tsd S&BendiBe réddBdless of what type of
attached CRMEXtensi on and HREXt ensi on i nstances t he

item dhgeare essatipted vath. Wir stoose pldioes mpmszt;a@mp@@gta@mlng model that can
store[ é;?%]efagﬁ?ncfd?i} eg){ gng &p{ gms%urrmarl zes the similarities

erenc vveen em Ext ensi on and

Ne[E(IIGBI]EI @fma:tteﬁsy@e@ped da@be\tgpel dubrtyBadt it B8 stéfage platform single
Nest edEl eimsnt m |t em Ext ensi on NestedEl enent [tem
&

inheryipnqq80q sD%mﬁng B JnEximaioa dyRafEcateseme vy extesiomiype. The structure
or thEBYRvidr O af bxteliGord LALLM idLIP rbPacd¥RE 5 ture 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 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 set.

<Type Name="Contact" BaseType="Base.ltem” >
<Property Name="Name"
Type="String"
Nullable="false"
MultiValued="false"/>
<Property Name="Address"
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element is part of the item Storage Itemhierarchy is
Item extension Stored with item stored in its own
whr@saeehy is stored tables in its own tabl es PCT/US2004/024569
Query/ Search Can query item Can query item Can
generally be tables extension tables queried only
within the copfaRigglsi tem context Query/ Search Can
sear ch acrossmmes;q%ch across Can generally only
scope all instvansese@agaysal |l i nstances of an search
within nested itemtype item extension type el enent
t yp@ypenst ances of a singe (containing) item
Rel ati onship Can have No Rel ati onships to No
Rejoas7pnahtRs1 ztpphcﬁﬁﬂi&i&ﬂ:lﬁper%u@d likehitash & CRIM apibhcatlon extension
ext ensi ons nest ed el enents tens Association to
to the, gontaqtsstarpdip thestrrgeslptiomy Télﬁ Ppplfesfian é@veﬂqper wemdvieaine a CRM
exteﬂsﬁcﬁﬂﬁatq;/&ﬁﬁ cbﬁt@ﬁﬁhé’ hifahal @Até”s ‘aYlJe @hdct ) %f)hczhﬁ)ﬁtcﬁg manipulate.
di ng, enbedded extenS| ons. el ements are part ot
an'EJT yoe NemexX'CENEXensiene ﬁaiFﬂTNm%"Bas&EKthn" Rel ati onshi ps
is sini FRIPPETY N@ms "@eétem?'ﬂfém -53 WD 2005/ 024666

PCT/ US2004/ 02 ’@mntl cs b) Extending
Nest edEl emant A |9 ]/ Nest ed El enent types are
a ﬁ ='ralse

not extended w e sane nechanismas the Item
t Yp@se-EXt ensions of nested el enents are stored and
accessed with the sane nechani sns as fields of nested

el f| . :

f oﬁﬂgg]ts i é%\ﬂ—g}? 'él%él%%ig?%/ %@é%ﬁgﬁ%‘gy g&gﬁ!é)na?s:% 4305 aifiQN 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.Exiension" >
<Property Name="EmployeelD"
Type="String"
Nullable="false"
MultiValued="false"/>

</Type>“ .

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

[0190] In the above example, the fields and methods of the CRMExtension 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 ItemId.

[0192] All CRMExtension extensions in the system can be accessed through the
CRMExtension 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

CRMExtension and HRExtension instances the same ItemID.
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<Type Nanme="El enent" |sAbstract="True">

Nanme="El enent| D' Type="t he storage
w@b@shotend ypes. uni quei dentifier” Null abl e="f aPCBUS2004/024569

Mul ti Val ued="fal se"/> </ Type> [0196] The

Nest edEl enent type inherits fromthis type. The

PR S PLo O sublREp A HaRPEL 4058 berveen e,
ExteiNasremdNesst @l reent nfpes:BaseType="Base. El ement"

| sAbstract="True"> <Property Nane="Extensi ons"

Type="Base. El enent” Nul | abl e="f al se"

MifeLiln VR !&ﬁfﬁk{eglgff;, >vs ﬁeg-t¥ﬁﬁl>‘311{egl'97] The Nest edEl enent

extensi ons are erent tromitemextensions in the
folTow ng ways:Itedest ed el enenftearE elensionS al Nese8dElement
ext ensi on types. They do not belong to the extension
Itepp&Dhi er ar chy Hhsits oven iterotiéd Bharehthe BasadExt éhss aot have its
type. Nested el enent extension pare stored al ong Wi t.h

the other fields of the item a¥d ®4F8 not gl oBYPil{pm id- Nested
accessi ble - a query can not be conposed that element is part of
retrieves all instances of a given extension type.

These extensions are stored the sane way as otliedfem

Sibry gd el ement SItérﬁéie‘iﬁglE% fsem Itgﬁleextc‘ehglgﬁd' L kS‘? rga I\?vgtﬁl item
nested sets, the NestedE ement €xtensi ons are“Store

in a UDT. Thewtaedirbicteasi bl ehithrdiydhstofed Ext ensi ons
field of the nested elenment type, -54 WO 2005/ 024666

PCT/ US2004/ _024@6@65 The col | ect¥'dl It @PFaces used to

Q& 9Reatahl {1 - vatufshepy RARM U1 eSchy gﬁér??tehﬁsed T @fan generally be
accessing and iterating over set of type extensi s,

[0198] The fol ltableng t abl e sunemierispedalEingl congaerésl only within

<Property

It em Ext ensi ons and

Query/Search Can search across Can search across

scope all instances of an all instances of an
item type item extension type

Relationship Can have No Relationships to

semantics Relationships to item extensions
items

Association to Can be related to Can generally only

items other items via be related via
holding, embedded  extensions. The
and soft extension semantics
Relationships is similar to

embedded item

the containing item
context

Can generally only
search within nested
element type
instances of a singe
(containing) item
No Relationships to

nested elements

Related to item via
fields. Nested
elements are part of

the item
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Nest edEl ement extensions. |tem extensions vs

Nest edEl ement extensions |tem Extensi on Nest edEl enent
WE068/0346660 St or age |t em extensi on hi erarchy i BCBUS2084024569

li ke nested elenents stored in its own tables

Query/ Search Can query item extension Can generally

Lnina item

—orH—y—he—it-abl-es—guered—wi-t-hi-nt he —contad g
cont ext Query/ Search Can sear cFf2@8¥16%s al| Can
gemerat Ty omy Sear cir—sctope—nstances—of—amtem
wi thin nested el enent type extension type instances
of a singe (containing) item Programuability Need
speci al ext ebsi onENendingHN aspeitlermaitatgpesons APls and
special querying are |ike any other nulti- on
ex[0a84] oNestabERmenatypedlart net ekt@fded @dthetle eingmBEHanism as the [tem

nQrmal. nestfed _element type APl s are used Behavi or
typescg%)fteélglgaﬁ? eéteggipgﬁn&srarﬁ%t% iaﬁ?esﬁé"ﬁ’iﬁf ghgéar(lc;)mechanisms as fields
of néBRh}idnfnsYps. N0 Rel ationships to item No Rel ati onshi ps

to semanti'Cs extensions NestedEl enent extensions |tem
| D[0$AS) eShe data intodeh defines a tdue fddmested elemgattypést remmdrElement:

item item \dyol El ement extension is part of the
i t em - 55 ﬁ‘@_q%@ 66 PCT/ US2004/ 024569 F. DATABASE
ENG NE [ 01994pA%er)RBinbORRAeAPVE, the data store is

i mpl enented on a daygkasesterags petforhTypeltniqUidatiet
enbodi ment, the damm"fﬁﬁglg%g corrg);i sesq a relational

dat abase engi ne t hultiveipéetifalse's> the SQL query

| anguag®]yrstich as the M crosoft SQL Server engine,

Wi th object relational extensions. This section

deldPolbethe Nestedipinen typpe inheritsl fiom thisdgpe. ThaiNestedEdateat element

type g&(ﬁ{igna{llweﬁggsng fleld 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"/>

</T ype>

[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.

e 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.
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to the relational store and provides information on
the 1 ogical APl consuned by storage platform clients,

WO pooaozerelance with the present enbodi nent.

| t PEBUS2004/024569

under st ood, however, that a different mapping may be
enpl oyed when a different database engi ne i s enpl oyed.

Indeed

pl

tora

at for M %ﬁgecgb?lhlgferffg?s usgg aoe?ccgstr? nglgpe‘iaﬁ'l ﬁé’ﬁ%‘fe tes is also used for

dat abasgceagignad 1t&atmgmve%e$@f@9e bxfehsesRNt ed on ot her

es of dat abases, g. object-oriented and XM

da 0488k e $he fadlpwing mhle@u}rmqnzm andrnompates diemyBxtapsers and
Nestgé’gﬁgrggllt%&pe\ﬁglgﬁg, persi stence and transactions for

St

anm ng | anguage objects (e.g. C++, Java). The
ﬁemt@ismnfsovmmmdmlmm‘nt antensibey’ nmaps well to an

"Chiect” in objiect-oriented systens fhough enbedded

st
ne
SY
syp
E
(g
ohyj
Cd
ol
ur
cd
he
ex
Nt
SY
nqqg
ohj
()
pr]
Nt
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Si
:
dd
ot
ne
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cql | ect i ons vvoul d H&meE’tt@“SlQﬂa added t@mwgmen@ﬁ@nsmn

S oot 0SB R o SOOI Sy e

stems. (bj ect - orgt@f@ae}gl@é{@ﬁmstypl cal ly al ready
ort object identity; hence, itemidentity can be

yiSsarthy ect |@@muqry1term¢etenslem b efravgeanesally only be
perations) map V\{EH to obj ect nethods

ject-oriented sys &hs typically | aclgueggg%%%*?onal

pabilities and are poor in SearChIngmnﬁ@ﬁﬁgumncmn@q
ject-oriented systenms to do not provide support for
QUrEtSsrEh and se# searchiperass 8y dat a.C apogegle@%momyt fearch
'E@J) e storage ﬁkﬁ:ﬁés@ Mﬂélﬁ model \9 eag&jel ment type
rei'n, concepts I1ke relationships, ﬁ ers, Rd
tensi ons woul d exdadiondype added t01hﬁaumbpéemngata
del. In addition, nmechanisns |ike pronDtlon
nchroni zation, notifications, and séfﬁ???@n

e m | ar
FaoPunfabilhy 25@%%‘3%?65%*&’;%%esN“SﬁeaiEé%m%“ﬁ gons
(ML Schema Def i nAPIsaml sperigd goentying suamglllee amhethért ranitie

bgsed type system

The ite e syst e
esent invention %“o?ﬁ%%}’sb"élr?ﬁ%}%%ed to t‘ﬁl éiﬁli]&/’%%esmd
del . XSDs al so do not provide suppordlehéit; normal nested
haviors. The XSDs for itens woul d have to be
gnented with item behaviors. XM datd®aeddynsedPIswg wsed
D docune ani z :
Bengvidr ) COF 1T ki AReBBEnGIHET, 2 Ao B pRRREa )

tRdAEABhig 0 supmeReldmenﬂﬁpﬁoﬁmdel des Relabenshiygriei n,

her concepts Iike relationships, and folders would

SEMABLILH | ncor poPAEBIPT Nt 0 such XMW Nestedbhenaent exfeayons
ms |ike sy Is otif

gghﬁ?{[ﬁ woul d nee%}?a%sqgé ?t@ﬁl gir'rtélﬁ fed ]f)&éggio\@/’\%éveq{édown item

05/ 024666 PCT/ US2804/ 024569 [ 0202] iinNestgHilent t he

Il owi ng subsections, a fewillustrations. a

ovided to facilitate the general i nf%‘?‘??ﬁ’toﬂld?lpart of the

sclosed: Fig. 13 is a diagramill ustjfgii ng a

ng

tification nechanism_ Fig. 14 is a diagram

lustrating an exanple in which two transactions are

both inserting a new record into the sane B-Tree.

Fi

g. 15 illustrates a data change detection process.
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Fig. 16 illustrates an exenplary directory tree. Fig.

17 shows an exanple in which an existing folder of a
walResoesy - based file systemis noved into thePGL/ORBGE024569

platformdata store. 1. Data Store |Inplenentation

Usi ng UDTs [0203] In the present enbodi nent, the

relati i ne 314, which in one
eﬁ%‘odi g‘é%?‘%%%%ﬁ%ﬁ{ﬁe M crosoft SQ. Server engine,

S ts, builf-i cal ar es. .Built-in  scalar_ types,

a:’]@%’ at {X%glené?fbeﬁ.aipyﬁj ﬁléecsa)(zgﬂ%r}; 1%}néplﬁ1gﬁ1tgg on g dajghase engine. In the
preseBB&EBodiinght, iiQlatibade dn2RRonbés ErelatiBRAINdaRBRs HBER B Smplements

they are sinple in that t heé cannot encapsul ate a
the SEbnpieaklasgraget wich as thedvlicraseftiSadSery preanginieewith whfectrelational

) ' ni.smfor ext pbility above
cxef18) TRESHIA A TR A ot RSB b il BB vtemens
to thei@bit®nileters bed grovitRs infoensps toanhdlogital ARI eehsGRBRbE ¥torage platform
. Structured ty_?es. Once defined by a user, a UDT can be

clienfjs@Rcaprgmpre et the wﬁéewﬁ@oéwr@nﬁﬂwdeasto% hpweyes, that a different
merrSEhR) L FAPFea0beB ASatu LA & DsRERRAR0RE ML, fhiion
impleodntimg sheasteragaplatform condeftuel dssmedelontdreladahaldagbase engine, it can

engi ne store. ta sto tenms are. mapped .to, UDT

also By %36%4 %P@gr W%ﬁﬁ@"ﬂ%&éé-&t°§m°t~§'g@l.temée>%\41e%9bases-
EX0206]1 ORS oBfebt-&idie CfhtdbAse sYSEnLhraoRBSp @ RdeBKAd transactions
use of inheritance. e root Extension type is _

for pRgrreEIEdarduese offjeesre.giich Jaa). Ehe gasige nlatfppe sotiereof an “item”

| ved.. ) - UDT . R cl.ass, - it S state

maps LR eléer iy QiR iy YEh B embbgdfRofledioRs would have to
be added & @bjectd ebihBLstoragt prtfay t)gfe cohé&pinRg el @@8fsted element

C#, VB.NET, etc. UDT nethods and operators can be
types; aoREg obisctroneytedityar systenas Objret-arertedsysiams typigply alpeady support
object fAenF2 nEia, itk SichiBfeaflbe RudbBhc Tt R, TP Bkt fors
(operatisnishblap wall t6-08{gct lMOh06d. Howesvam ppjenigoridntsit syst@ge typically lack

| at form schemas to UDT.classes ig fajrly . :

Orgaﬁ%ﬁﬁpw%lﬁa?%n&@rwqﬂr%sqaéf%rg.- Alsshgbispigriensedsysiemg o do not
provigk iR TorehieButs FRRBAH st t@Fhia. T@EE%%B?(QHC C(ﬁn_rlﬂete storage

storage platform Type is mapped to a CLR cl ass. e
platf@rRiatd modeli debattied dwarsan, coneeptrliketrbletigtsbipagleldsra tidextensions would

e R W LA L R b
syncHE6liz it Q44 fehiohs) and sechitifMvdEEReaDto[H23MplentdnyRN t he

desirability for Itens to be globally searchable, and
ar

t H82@UppYimiler ip eliect-orientad syswhems. de¥lhisatpbasss, haed ¢t IEBHXML
Schexgl%?e%nﬂ?o%, sﬁl&goxjt A Qﬁ%ietlﬁﬂ&ﬁa&%%agéﬁg%eséﬁ%ﬂ%te ?t%lnl fyﬁé/ system of the

present invention could be mapped to the XSD type model. XSDs 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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possi bl e inplenentation for Itemstorage in the

dat abase store would be to store all Itens in a
waovglosteb@bl e with a col utm of type Base. |t em POQBURN04/024569

type substitutability, Itens of all types could be

stored and searches could be filtered by Itemtype

kon's 7is. .of " operator
P Bt T bl s BB e
facﬂﬁét‘é@l@d @dnech] WifbinBise likbse@ PFigatis a diferhfQIIMREREE notification
enbodi nent, the Itens are divided by top-Ievel type,

mechanisin. Kig: 14 isehtiagpmaiesiratipg an exdnapte ulywh@héwg tienssgtipms ase both
1nseﬁﬁg%rn%gvere&ﬁ'ﬁl 9 éllr%]&ﬁ{e B, Fﬁ t1'5t hgmart]e% > rattat rﬁgiage detection process.

e’ i's crea or eac mt'ype 1 hne
Fig. di6 ileGtratgs i exenBsae. difeetory ffw elﬁgl Ihéhoiws laR @xRepleh WARBEN existing

stored jnt propriate type famly table using
foldgrata dugpiony-bised %fq w{}m 8 mqyed &ntp M termet ihtiom date giore.

first level _of inheritance fromBase.ltemis treated
speci al ly. [ Batoftore ImplemeptatighPeingIRiEed to store

i es_ of &ll obal | y searchabl e properties for all

31 Th Biepagsert enepdpeeniaiha relitinag! wahah@er;m e )vhlch in one
embgﬁtrgﬁ 0%$I%E§21§2\2{C?%8ﬂ @@_} é%gggtf 1r{e Sugp?lgmgﬁlﬂt -p g%a}laégypes Built-in

scaldr hypses gi'e(.‘fbﬁtwd”ta‘rm cafple’. Th@ﬁhl&lriaﬁv@ﬁﬂ tite bdie tHaDtHte‘é@ cannot define
scal ar propertl es. of the Item not the full UDT Item
their gyrelypes apddheyyirg signple trbt#ﬁ&ta@r %anam BRAPHA y semplex sigucture. User-

deﬁﬁelaq%ﬂets CRGRLRG! UBY E{q)vicf% s1fn_arlj1 e{y}[)t %ﬁ%@ﬂﬁ%ﬁ%’}i above and beyond

exposing an | tem
the ngwescalar yypersy spel by dndielitg ﬁsy:rstth extehé the\/t/ypdwiyrstetm*@y d!@ﬁrﬁtng complex,

a2 e RSB DR RS TEhE R B ottt

builtGAREAPImide bbusgw Since finding an Itemby its
Item D may be a common operation, both in the context

of [028¢] glvtseprdanesivitaph espepichfdhdpresing Erventiags thet storgge platform

shel 0 ol o PODUASE hhL EHALS B80S RTIB 85l P mapped
to UDITdgaské¥aleginiigtfadm aie Bisk aﬂehﬁgf)@ Like Tt SRk teidsifEiabd Mso mapped to
all queries of Itens m ght ai nst views built on

UDT; elesses @ o uss of ederitapers Bisovet Extepen tpe i Base Butaavion, from
whiclB) ﬁ%ﬁexﬁ[o%acgq?é% afré’p : .h Item type against the
ype fam

appropriate y table. These type views nay
se[0205] alAlUDTasrs CAfR ¢lhe -ais hasodtae @k, tdapefields) ahd delngior (i.e.,

.Sub- s. Fo conveni e |nad|t|ontoth UDT
routig) o S e O s ik S S anrgE 865 i §B-NRE, etc. UDT
t ided .
meth'b@@and @ﬁé_?zistoslfs \?\%ﬁ g% brgz;olégcg%é%g% élgfé%rﬂi/ﬂ%tg%cé cgl'iﬁd% t§fe A UDT can be:

the tEet dms:omWomg tlic0tgpd df Epdremsienoa mutne ar J-SQLyi drahe type of a

. N and have sone of the sane requirenents. As
Vanak%&f’iﬁ[@?a}‘oot type supporting inheritance, Extensions

ar p266P] TBé miaPpiARBY stofagk PRitBANBChemas to UDT classes is fairly
straightforward at a high level. Generally, a storage platform Schema is mapped to a CLR

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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consi derations and trade-offs in storage. Because of
this, a simlar type famly mapping is applied to
WE1068/0346661S, rat her than a single tabl e approartm/ugd004/024569

course, in other enbodinents, a single table approach

could be used. In the present enbodi nent, an Extension

I's assogj at efieiy Mappfeact |y one Itemby Item D, and

cont ai ns an Extensi onI D that is unique in the context

of

or D200, (SR Hetlub) o Momeh B bR Mie 2 th support in he

relatmhalahtab@ﬁscbﬁhs peher nmbbémiem ﬁmuhHEmt&ns ahype pﬂjstltuta‘blhty, one

¥ ew I.s create‘% L‘ ach SI on t%ﬁee, i)m ar to
possCIMRIGRTT G 9T B SIOMENE G AP ShUE el Pty fiers gHjltems in a
smglél@ﬁ)‘l@(ﬂ'ltﬁa%ﬁﬁﬁﬁﬁoﬁ'yﬁe BiRGfent. h@§1n§ %e@ﬁbﬁﬁ&%ﬂﬁ@ It'eﬂls of all types

|tenms, Extensions, Relationships, or other
couldbesieredsandserishes W@b‘l’%/ﬂﬁ@@d eyiltemytypst andesb- tjmek@mg Bulon’s “is of

% ensi ons, Nested Elenents are inplenented as
uyp% %pe ut they are stored within an Itens and

EX!DQOS]I OHSwe{}'dErﬁdlm‘ tofconcaNsdbest the 0BRER! L80(PatPwih Qi@ approach,
pi ng Xond that of their Itemand Extension

in the Bigpestt REREUITGH SRHKemEEe dividedrst tepdeve] Apet sish dant ltams lpé each type
“famil%’i Elgg\é?q@ﬁneﬁ{h %pﬁl%@ taleS gﬁ’lﬁﬁr thisrbsé}tﬁﬂl s%{leme able i5 craated for each

YPESs, ere-are no I ewns
Item $ypeanfieritmigl dyretidy ﬁiemthke ItEme rMypesinhbritifdbhedet tliede atel stoted in the

oo e A, LS R b SREAL v

of ini¥itAric@ Fdn$ BeS. Héiﬁﬁé/tréa@e%%b&hlﬁd by its Itemd. An
Ext ension is uniquely dentified by a conposite key

of [0299]e nAd'shaderérighle i ll:ii)?d tossterelcapied nﬁgﬂpball}ssead:hahle praperties for all

e DA BB Sl AL RGBT AL kb8 ar

throuPRlwHikY ACHatNIRANREs £1@211a@13 ﬂnhk@ﬂie&?ﬁ&faﬁ‘ﬁﬁ}fﬁtﬁlﬁ% 'tlﬂs gfﬂ)ﬁal Item table

data store can be stored in a SQ schema nane derived
contansly He tep-devabecalar araperties of thedtenn anethe folt UBGHerebject. The

T M —
an [teJD achefppeIDc rThaSItenﬁB WD g206511P 14ig06€ly identify the Item within the data

Pgﬁ/gSZ 4/ 024569 Sy sten1$tora ge].ltent. Generated
store, The BrEPs magresiisingmete Eft?%éthP lsé}oit Aesebed brifritag type name

and tf(iél){r‘lfe{)v' c%hﬁﬂmﬂﬁ‘ HeQtAPPSBEL ﬁl?&l?% af e/ I?f‘mﬁ? Bt Q?Bﬁlfnon

') is used as a separator r each Ioglc
operation, brdhren thekkenteztdfehdglobal Itput fableend oerwigj m@etItem() function is

lon used for ob ect he data store. Each
prov1§8cﬂié)r{§ r}gﬁ"&ﬁﬁi cfbtj%crtngl itgﬁno%ft rﬁg?at i onshi p and
Vijerd0] i Bor doﬁ‘&@ﬁierﬁl la6dgs Md[th hide8mplementation details to the extent possible,

all 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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decorated nam ng convention used to access instances

in the data store. Object Nane Decoration Description
wez@spbeedhst er [tem Master!Item Provi des a [ SHCT/8R2004/024569

Storage]. Search View sunmary of itenms [Master!lten

in the current iten1donain Typed Item|tem Type

Pr ovi d al | search view property
data [ |ce}E3Jc()quFro Iiegn and any parent type(s)

st er.! Ext ensi on ste r
el E'ﬁxtswra§e Y SRR LS R ERb T g S8 Hhavirements.
As aﬂ@ﬂ@éh@dtt P@mlng ifHeEitUE, Fidnsions Bre sHBI¥BY t6 man] PRk same
Ext ensi o ension Type Provides all [ AcmeCorp. Doc].

considgratingy @mi tpad@ﬁéfsw;v sigeags. Berauserf s B GHISE fHile,Aptly mapping is
apph%?g)\r/;ﬁ%el\&&ﬂ %@e? %hoa%%r%g)@&{)ﬁ apB%sa[E rb?gé) Eé %pgt.lﬂ%lpembodf\ments a

esS a tron S sunmar
singlakdbld dppsdaeh 'coﬁidlbatulsﬂh SIhlthﬂ predéneembediaiehn Iaﬁ IEIxtﬁsﬂom id ah;eomated with

urrent it n. i onshi el at i.onshi p!
exactiypng fem §’H?¥9‘Tﬁ‘g taé‘PSI ?%%@ﬁé&ﬁﬁurﬁﬁ%ﬂ m tﬁq goptext of the
Ttem. '\l?xg%sflﬁrsﬁﬁﬁé %,tf&ﬁjcti\eﬁltnlﬁgﬁt n@%\?ﬁé@ﬁ%@ﬁfév@h’ﬁ E%v?ﬁﬁ\g 5% Biven its identity,

gi ven rel ationship Do View View vie
whicPcondisiesf arhikerilAt ame»rtpnslimﬂ]P pairc &\ Mieveistoygaessl for each Extension type,

rrent T|t| es] based on the schema view
mmﬂ%retf)%ﬁ'%fgolg

4. Nested Element Mapping

[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. An Item is uniquely identified by its ItemId. An Extension is uniquely
identified by a composite key of (ItemId, Extensionld). A Relationship is identified by a
composite key (Itemld, Relationshipld). ItemlId, Extensionld and Relationshipld are GUID

values.
6. SQL Object Naming

[0214] All objects created 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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7. Columm Nam ng [0215] When mappi ng any object nodel
into a store, the possibility of nam ng collisions

woeecwan2gee to additional information stored al BOUBRDH024569
an application object. In order -60 WO 2005/ 024666

PCT/ US2004/ 024569 to avoid nam ng collisions, all
wre. ON- 1 eq,l c columms (col u s,.whi ch_do no -
[SYRR SIS % d‘%‘ﬁ’@&edﬁ}a&?&é 4prp calttywp@a&gla tgreidnla% naming

conflicts. PFMBreShH ?bg)ﬁai@ﬂ e @M R ASAERr g)]ls‘h@élf 804 &baratd? &&ch logical
present e | rrent underscore U characters are

part af tbahdmeeBhaigblelelaveqithingsrihe pamingcbeventibn ased for objects in the data

sor SERSLES i REARSLon EALS 5D R PEShS5 401 B0  i

decotcAAGEnPtaHvEMidh (kR eSaRbssSANNERs B BFEAR store.
(relationship, etc.) should have a capitalized first

character.

8. Search Views [0216] Views are provi ded
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Logi cal
Item d,
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foI | owi ng ordering
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El enentl d, Relatid
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Met adat a
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Ver si on

JNe@lumms such as Cr
Type specifi

RelAivneipe] Reftionshippelanbnsias | Proweralbdtay

esdoriauRlNsition,
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[View!DocumentTitles]

7.

[0215]

collisions occur due to additional information stored along with an application object.

Column Naming

When mapping any object model into a store, the possibility of naming
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Type specific views (famly views) also contain an

obj ect colum which returns the object -61 WD
wWQO@5/0284666 PCT/ US2004/ 024569 [0219] Menber sPOTf/USZ041024569

type famly are searchable using a series of Item

views, with there being one view per Itemtype in the

to avg?cf I?an‘f'i]ngr Slfhsf(:)hg 1%1%n tg%easé)%&%g H]uﬁr%sl(?cﬁt g AL Bg&i&g@gé fpap directly to

a nalhédémc@eﬂy @ha WpeWecdﬁxtaham)ns bepreiwed Wﬁth%ﬁ@hdér@cﬁir@@%h&facter In the
an |tem of thg spegx)fl c type or its subtypes. For
t

presea § P@mephém ISHRTE 6o cheracipisiare disyiqveades mqbqgm%@@gacter of any
o e R R W A TR LRUEEE KT e St Sl an
propettieswf 4 stoFaigg pla2@rm ¢yipes Nh&ﬂlemaleleatﬁnS&alaﬁhnsHiIg‘&c[ )&1&8&1}1 have a

Efa etl nce of a storage platformdata store defines
capitgli é‘% brF%ﬁ A% view cal led the Master Item View. This

Vi ew pr VI des sungary informati on on each Itemin the

data st Seargh VIg¥s pr ovi des one col urm per Item
ty e ro erty a colum which described the type of

19} e Micyricere atnwider bydhe sipresawnlabiarma fer seyeling gtored content. A
QLWl sﬁgﬁh@@ﬂﬁ ehdiftch 38d RRALSYD g&% @%fﬁ ?Iﬂafwsea e provided to support

i nfor Ion. The nmaster 1temvi
Relatiatshipstand &iems (ag defeedrignthe DhtaSMsdicei)n Al 8Qage¢ws and underlymg tables

. Mast er ! i pt md |t
in th& 13T glattob o iehGORDT I 1 BF SPHE o CBREctpgedhe UpdateO)
methbd RE i sT&Q%]eTM%J)Iﬁl JAIRA @eéchﬁ@& mo%éjﬁﬂgl ipEiogs the exact

tyeo temand can be used to retrieve
At Faeh vew explicitly definediimg storagetpdatform scherad Glgfined by the

gL R0 A B o

namdéd$ QL Vi <sskdr@bfdme>].[ Vidwlkalewchadq. tMorekahfle, a view named
i nformation_ change trackin <Item props> n/a One

“BoqkSriFFne SIPEEH FpEP Bb peR B9oks Bu s cre i BieE R name

“ AcMe?\Qﬁllsher.Books].[Vlew!BookSales]”. Since the output format of a view is custom on 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 ltemld, Elementld,
Relationshipld, ...
e Metadata information 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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[0222] Each Itemtype also has a search view. Wile

simlar to the root Itemview, this view also
w@r@siogsse access to the Item object via the "|PENIS2004/024569

colum. Each typed item search -62 W 2005/ 024666

PCT/ US2004/ 024569 viewis identified in a data store

A% L Mo RRE ok SR TR L] L S MR BT ke & ttem views, with

there BEISE bhdVie@pet (1o t0pd inaht datd Bores tRIp aXpeis Bldadgk&h Mlustrating the concept
identity of the Item <type change ... Type change
of an fteERATEY VISRF-or mat i on  tracki ng> <parent props>
<property One columm per parent property specific>
<i tem props3x)propghLiy One columm per excl usive
property of 2his type specific> ltemCLR type of Item

CUBAD 35 e BB LSRR KA B LSRR TR
specifactyps st 1i$ subtiieng Foe axanple, thevsiew fofl Poblastr coddiremsi imstances of

Sear ¢ch ew [ 0224] Each_i nst ance_of .data store )
Docugpgnt; ﬁs&a\{fao Q314 BEVIERDOGHm Gt 18P it g,0ag om views can be

COne 801 KhdB Y Fikhbs. Vi ew provides summary information
n each Extension in the data store. The view has a

col um per Exteng{on whi ch

describes the t ygie) of M%g&r%?gﬁg@nvgﬁ’d sever al

c S q :

<UD L DACE ot Stk K SR BER L ALY 188w caled
the Muktemiters Midenlihis e provadd atianmipindorumiting oh leechnld¢re in the data store.

"[ Syste Storage]. [ Master! Extension]". .Col.um. Type
The VissC RN BEP G PR @01 HERTEP ORI bor 5@‘@3%1 iFbfgaeoed BE type of the

Ttem AfERVELYcRmhd®hich & Wed b Yo @ ch .estra‘éﬁihg RAH S¥hchfonization
assocl ated Extensionld Extensionld 1d of This

informpaticemn Sihemmastes itamcdew (Gdemjfied Ty pelath styrpbidg Teendfypel d
c f e nsi - dentifies the exact type of the
[Sysgeﬂ-éﬁg%%%ﬁ@ﬁ%@fg@%ﬂoe used to retrieve

Column Type Description
ItemlId 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 | Itemld The ItemlId of the first non-embedded ancestor that
controls the lifetime of this item.

<global e Global change tracking information
change

tracking>

<Item props> | n/a 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 via the “_Item” column. Each typed item search
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i nformati on on the extension using the Metadata

cat al og.

wWe b@sgaiess . G obal

-63 WO 2005/ 024666 PCT/ US2004/ 024569

<gl obal

change tracki ng informti onPCT/US2004/024569

tracki ng> <ext properties> <property One col um per

Ext ensi on type property
view RERIEAI 1ﬁ‘@ﬁia£a ﬁé
search view. e
[AcmeCewy.Dobij. [Qfﬁccébocal SO pro
obj ect via the Extension
search view is identifie

P R D

speci fic> (2) Typed Extension
DRSS,
ensi
vi des access to the Item
colum. Each typed extension
d in a data store using the

For example

Colymn [sch( ﬂ:ﬂRIane] [Ext Qﬁcﬁmtl@)lten3| on TypeNarre]
Tidid_eXanpt EHEARgrECoT - S
Colum Type Description Iterr%tbc?%?%“n#fghhrhdehh@'ooﬁ%eewrh
<tppeatHaogen i dentity of the| Tyremhangehtrackingdhformbi$on
treekinghsi on | s associ ated | Extensi onld Extensionld Id of
this—ext en-l oh—ihnstance GULD) <tvpne_chanage Jypp
<RRFh BEPET af RPRRCTRf or mat | GRE CAIPIE RFHRfEnE paoRsHy
<property ORECHEYUrm per| par ent _property  props>
<EREGIhEE™ f& XlopBiP PS> Proper tyQOrecoft umm—pet —
lexc Sgi ve 35%? tj}e of thj 5n<t9cr}7emnpplemdusmpr®ﬁr@rdlﬂmtype
CLR type of Obj ect -| type of declared Extension
_I&xt ensi on | 08 Raypeof itdm NeGLRdbfecerbipe 9f [OR26{ 1A
rest-ed—el-erents—are-storedwi-thin ltepns Extensions or
Rel ati onshi ps instances. As such, they are accessed

by querying the appropri
b)

[0223] All Item Extensions in a

(1)
[0224]

ate ltem Extension, or

Item Extensions

WinFS Store are also accessible using search views.

Master 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

TtemId Itemld The storage platform identity of the Item with which
this extension is associated

Extensionld Extensionld 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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Rel ati onshi p search view -64 W 2005/ 024666
PCT/ US2004/ 024569 d) Rel ati onshi ps [0227] As

walr@susses above, Rel ationships formthe fundaP€nusioo4/024569
unit of linking between Itens in a storage platform
data store. (1) Master Rel ationship Search View [0228]

Earh AAatna ctnran pr n\ll Plnc a—MNaster- DQ| at i aonshi \'/' e\
= —EW.

FRPA cHIER or dvicdes i nf or npPIoBA AN qrac;kg}gdpf oHER?

pr g
tr?‘il@%%fnces the data store. The master relationship

in
<¥i1SPbdetticss € td M a data store using the mame

§ :‘dé)&g&&y[ Mast ef Onqeqlemn pasFxtgpsion Gok graperty

[te

"[ System Std
Type Descri pt mMd ltlemd Identity of source
endpoint (Itemd) Relationshipld Relationshipld The

id of the relationship instance (GU D) _Rel Typeld

Rel ati onshi pTypel gz The ak tionship -

[ d_ent ifies thet |3 Tﬁﬁ‘lﬁl ﬁﬁ%bg?l?gﬁéslﬂ:ﬁ ‘Rgvnvgt ance

USta e]t?rﬁg% I)%tgns?% atafﬁg 21]? g%s aseg:c Qfﬁlc%vsr/] g'Wﬂﬁ’e siimilar t0 tge master

exteriEﬁfrg\QE\lvl aiEReEwe R0 GeoidanBedse (ethe emteiiédt bia tBE ERef8én column.
endpoi nt _Rel atjonshjp_ Rel ationship | nst ance of the
Eachptép%ﬁ sxesKmpeysh ataw msadentifipd in 3 dafp sigegusiqgbhe name

o AR ARG RGNl Bicoliel, o

at'i on vi ew whi ch
[Acnm]:qnp.Mc}a[Extensmna@ﬂ'&sDoéExt].he particul ar rel ati onship.
VWiile simlar to the master relationship view, this

vi ew al so

provides named columms for each property of

(el at i g rTsﬂﬂep data. EpP§STHRUM onship i nst ance
SERIE T VI EWeIadeTt T T eUThIT e nE e
name [schemael\lane] [ Rel af E"ﬁﬁt h%:ésr}i i( m with
For exanpl e [ AcneCor p. Do ons
BatznsienidAut lExtdnsionbd unm Tjd)@f ths®Rtengibh mtdnt:em dltemd
I dentify of (gouDge endpoint (Itend)
<type change Type change tracking information
tracking>
<parent <property One column per parent property
props> specific>
<ext props> <property . .
specific> One column per exclusive property of this type
_Extension CLR type of CLR object — type of declared Extension
Extension
instance
) 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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-65 WD 2005/ 024666 PCT/ US2004/ 024569 Rel ati onshipld
Rel ati onshipld The id of the relationship instance
wQ@ As0)4666 ype change ... Type change tracki ng PCT/US2004/024569
informati on tracking> TargetltenReference
ItenReference lIdentity of target endpoint <source

name> |temn d,Na of source endpoi nt
identity (a‘pl age‘?‘z}ﬁ{‘?'?zlm d) <tar get naﬂegm " _
: to@%f ;A al‘égﬁm\%ﬂd& Qfg,g%ﬁ ﬁngléég % egtgpuﬂip (gf linking between

Itemérﬁrags%rhg@ﬁﬁ%ﬁﬁaaﬁ@eom <rel property> <property One
col um per property of the relationship specific>

definition _Rel a bonsﬂaE’tePF attibﬂg’th?fSeBFéhaVieW“Sh' p CLR

obj ect - type of ecI are Relation I nstance e) 9.

p@gﬁ §S EQ3, A )})Yé)\ﬁ&@ d astzBBRélEz%rEEzg ugmﬁn Ll\‘}v{lmlg@%ovides

re arerea - onl I'n order to creat
infonnaebmnm: ell oflatiordhipansiocted inghe daa sto(a t Big mast¢ranlatiomshgr view is

S SBRAoB h BT RSP e B RO

storage pI atform APl nust be used The

bWEI dll Ul 1MOuU I S d :’Iﬂégé ﬁdﬂ)l BU [Jl ULBUUTE
gé’ I ned by the da@store whilch consunes an

Itaphi ation" thatltaheldai | s an ac fldemtityt of doerceenfiprint(d@emId)

ocas at A

,.

BTN Tge an 1) e REE T or | dRERGT] RSO e
o

" updat egrant, l'lecti vel y detail a set of

aREITYPSIAT O e PER M SRBipTypdld 3 iihe REETHRET M thOR clBHRERIp - identifies

I's extensible and provides varni QBFﬂh@tréthﬁb%sﬁl‘{ﬁﬁsth%usmgthe
schema el enents. Sone conmmon @ é HPB8a1b EC ude:

| tem operations: a. Createlter Feat 65 a neW|tem|n

tplebalahbege of [an. enbeddi ng on Globai ehgnge edckiriganfmmpdion.
Backifpgtat el t em (jupdates an existing Item

TargetltemReference | ltemReference Identity of target endpoint
_Relationship Relationship Instance of the Relationship object for this -
instance

) 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, this view also
provides named columns for each property of the relationship data. Each relationship instance
search view is identified in a data store using the name
[schemaName).[Relationship!relationshipName]. For example

[AcmeCorp.Doc].[Relationship!DocumentAuthor].

Column Type Description

Itemld ItemlId Identify of source endpoint (ItemlId)
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2. Relationship

(creates an instance of a reference or
WO 2d0an24pe hi p)
rel ati onshi p i nstance)

PCT/ US2004/ 0245

oper ati ons:
b. Updat eRel at

69 c.

a. CreateRel ationship

hol di ng
i onshi p (updat esP@r/US2004/024569

-66 WD 2005/ 024666
DeIeteReIatlonshlp (reanes a

r\hf\l

'gjeia‘ﬁ%h P
eat eExt ensi on
Itenm) b. Updat

a)
-

S|on (updates an existing

exipenBidt) C.
ackikipange Trac

acking and tao

Del.et eExt ensi ol Ty P&t

ki ng & Tonbst ¢
stone servi

g@n@&qﬁghﬁ%ﬁﬂdﬁeﬁ
pnes [ 0232] Change

es_are DrOV|ded by the

E atgéﬂé% gleregee

Hﬁ:rgk,a@ée@qe ot
ULI I 1TC \

édernuty oyf tmgbmndpa‘mt s

bé’l’l'an‘f_eg”' de
I ntormati on ex

Tracki ng [ 0233]

poseélul n a dat
Each search

PEOPE éﬁ%lﬁ' eéendf)omt identity
e Bt

by the data

Stapget namptai ns
tracki ng i nform
|l ltem FExten

CidhREBrensEeor

Pddrived clabe col
sion and Rel

DafHe \PrétRorty ©F @288 endpoint identity
1138 afd @asgm%eﬁgnﬁﬁﬁ"erence)

fionship views.” Stora

PIeAPFRERYBc henm
deS|gners do

SRTERELY def i né
NWPGﬁQ?onatic‘

> Pne xpluim ner prapgrty ok thtmelatlonshlp
aﬂt@mpomV|de change

L nr ovi-ded

III \JI IIuLI UII

rngmﬁecb? T hr o Xvﬁeﬁ on \Mlm ch the v

ythro
itself is built]|
store,

B Rttﬂ’e *‘f“"" .
Relatomip e tYPS of deplareiglationship

For

the "master — el ement vi ew and the
el ement view) For exanple, change tracking
i nformati on on the AcmeCorp. Docunent . Docunent |tem
type isg.avaiUpbies fromthe Master Item View "[ System
Storage]. [Master! Item " and typed Item search view
[ %B?@OVRHQ@&%' 15} @E& stolaBOBITEA Hata Gtbke SR20QE n-[%a‘iﬁ bR to create a

"Master” Search Views [0235] Change trac
new nnﬁmmen@fta date ingdeliedenmang (IB’-tm %wn&bn vi slatiopsldp), deED update an existing

mstal e RS i e 2Eim S e Sl ol i AP must

search
change trBeR%%g i nf or Tatl on is available from
two places - “typed

TP G AT © Sfogage
be used. e Me ProoksGfer&ionindBéd ﬁ%rmﬂg@éﬁtoféﬁ%&duﬂem%ﬁﬁéc%ﬁeﬁ% data store
and the version nunbers from each gartner

whicl custIGH 21 nepeLHieat dhat petalsat action te haperfametdi Blmlr'nop@sUpdategram

B3 BEREh B RS A L8, RIS

“updategram which collectively detail a set of actions to be performed..
[0231]

schema elements.

The operation format is extensible and provides various operations over the
Some common operations include:
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 a reference or holding relationship)

b. UpdateRelationship (updates a relationship instance)

- 66 -



[ System Storage. Store].ChangeTracki ngl nfo contains

all this information. The type is defined in -67 WD
wWQO@50284666 PCT/ US2004/ 024569 the System St oPEDES2004/024569

schema. _ChangeTrackinglnfo is available in all gl oba

search vi ews for Item Extension and Rel ationship.

The type sefddidd:dRsih (EhBNasLAThag Hsfubsy <TYPe

me="Change |ng ype
Ne3t EdEhannopératlonsFl el dProperty Nane="Creati onLocal TS"

Type="Sg1l Sgl I nt 64" Nul | abl e="Fal se" />
<H ol dPE &g%%a on-(adds @y extenman 1o RéymeHrgR="

Sol T : |
< ef B onbety” Rimaon (YABUERGR o

Type=" Sgl1Dgletdix8yiiont(delétedur dxadiseon) Fal se" />

<Fi el dProperty Nane="Last Updat eLocal TS""

Type=" Si0.Ty p€hangGgTrarkif& Tamhbabha="Fal se" />

<Fi el dProperty Nanme="Last Updati ngPart ner Key" Type="
Sg[0RgRES Cha@]tta&kﬁ@'hn&ltdﬂﬂﬁﬁtxhﬁ% rvireds 98 provided by the data store, as

<Fi el dPro ert nﬁ "Last Updat i ngPar t ner TS"
dlscup ﬁ B%%WSQI 15 SgEArON pRQYLYes @ eutlng|of ghe changey tﬂp&ggﬂg information

eXpOI&?ﬁ% (gl.rté)gglretl es contain the follow ng information:
[ umm Description CreationLocal TS Creation tine

st anp by the | ocal machine Creat i ngPart ner Key
Part ner Key of) t heCbangeiBracking created this entity. If
the entity was locally created, this is the |ocal
mafZB3ak’ Ea@asretarcérvm’y provided &y ithﬂ;]d%aal stoeer chBtafisnedinamsused to provide
the tine.at which,thi.,s entit crea a he.
chanigd FpRifE ot HyTeS® e bmpo eiess Alieal, Exiesion and
Relatibshig et € Loeled PlakPea |Schérﬁ@$’i@f§ﬁ A6 KPRANY BY séfema designers,
the update tinme at the |ocal machine

do not|aytanuically ppmidechargediackmetinierRaionof suchdnfosmnatinaris whyided
indirla&ﬁl thqugﬁttﬁedsetdwh%iews 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].
4] Change Tracking in “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. Partners in sync relationships (described below) are identified by
partner key. A single UDT object named _ChangeTrackingInfo of type

[System.Storage.Store]. ChangeTrackingInfo contains all this information. The type is defined in
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entity. If the last update to the entity was done
locally, this is the |ocal machine's PartnerKey.
WO b@sysd@at i ngPart ner TS Ti mestanp of the time BCT/WRI004024569
this entity was updated at the partner correspondi ng
to LastUpdatingPartnerKey. (2) Change Tracking |dn
Vi ; . L din
e B e Pme g eciaetofd BRI kA R i or
Item, tExtendionead Relatiopshiprhei topsdefohitidn affGHanpeTfrackimdihons:
recordi ng the sync state of each elenent in the sync
F’g% , .- 68 WO 2005/ 024666 PCT/ US2004/ 024569 Col umm

CorPerLny = Basel NeeARYSSAt Fr om
e ertgl e Ig’s% Lffég]gﬁl ng _CHETGEEN ¥Po8r $3'3RE04"

g Arac
dégg §n[ga¢ﬂgmér\4gg§ﬂggg§trg§§ ri ption of version

myﬁmrsgmj Ehe;ehenge uni t suW LD dRge- parti cul ar
ebeémtmp;rébem@emawg@daf@r&'enrenat §/nc Met adat a

Aeok-t'isghEires esgilore4’' ndependant anretadata’ about this

FemhdPhepenity Nagpt-{LeotUpdatter@stl T80 t he  Synchroni zati on

FMW“"ﬁ@lTYP@ér%qléﬁ ficMet addralapdesiBsaSyhoket adat a
rt\\f of ﬁﬁgﬂ*F%gPaﬁE’ﬁ%ﬁt”a apout this

e—-’S 1Fal
ol LAEEISE (s el )

\ééﬁ:‘) &gm%%z e ST unt ¥FPEJB‘JDC ?rT%egyrf?)ZéﬁTy?ﬁé Watar e

</81ty9ge provi des torrbstone |nforrmt| on for Itens,

Ext ensi ons and Rel ationships. The tonbstone views
Thesdropéfi8s tdnin MR fodGwRBARorRRidN: | | ve and tonmbst oned
entities (|tens exten3|ons and relatlonshlpsL in one

The—itemantsext “ﬁs:on terbstone—views—do—not
(grow de access to e%c 8 léspondl ng object, while the

_katanbosdiTP tonbst@reamm e aﬁmplbgaﬁe lo@ﬂQﬁ&ﬁlﬂeO the
relationshi-n obhiedt (th ationship object is NUL

Cﬁeal mePatnetKey 5 | Fotfas f the partner who created this entity.
If the entity was locally created, this is the local

machine’s PartnerKey.

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

_LastUpdateLocal 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, 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 recording the sync state of each element in the

sync topology.
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rel ati onship).

(1)

Item Tonbst ones [ 023
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[ten]. Col um R@PES2004/024569
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pe of the extension

t

Additiona 0 grspecific
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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 a tombstoned

relationship).
1) Item Tombstones
[0238] Item tombstones are retrieved from the system via the view

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

Column Type Description

Itemld ItemId Identity of the Item

_TypelD Typeld Type of the Item

<Item properties> Properties defined for all items

_Rootltemld ItemlId ItemlId of the first non-embedding item
which contains this item.

_ChangeTrackingInfo | CLR instance of Change tracking information for this item
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ChangeTrackinglnfo _IsDeleted BIT This is a flag that
is O for live itenms, and 1 for tonbstoned extensions.
wO Debericen\Val | cl ock UTCDATETI ME The UTC wal | cPODKSZIaL/@24569
time according to the partner which deleted the
extension. It is NULL if the extension is live. (3)
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whi ch del et ed the relationship. It is NULL if the

dhe part@r WichOREt QP Gm. It is
dNUBEnf the teof istive. | t em

Type Descripti|a
ltemd Item

rel nflnnchln /l

CRdhhONSNi p 1S [iyfe.  Rel at i ongp&cHpHoh NSt ance of a
This is the relationship object| for [ive Relationship
ftemadd i onshi p. |t lemIULL for t drigentsyefithe Item which owns the
reI ationshi ps. Targetl|tenRefer gniddensienRef er ence
| v af + Ay A ol-nt
RO ST AR § et Extension Id of the Extension
_TypelD Typeld Type of the extension
_ChangeTrackingInfo | CLR instance of Change tracking information for this
type extension
ChangeTrackingInfo
_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)

[0240] Relationship tombstones are retrieved from the system via the view

Relationships Tombstone

[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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(4) Tonbstone C

unbounded growth of tonbstone information,

eanup [ 0241]

In order to prevent

t he data

W@ t@s®246p6 ovi des a tonmbst one cl eanup task. Thi BCT/aS3004/024569
det ermi nes when tonbstone informati on nmay be
di scarded The task conputes a bound on the Iocal

cr ant

flnn

o
A>3 l UIJU(J.L C

tone i nfor

Famiss

nd
oh—ahe—tn

n by discar

Btz

v% 1ch owned the

%é‘*?” g Brm

t onbst one versi pns. 11. Hel per %Fﬁglatlonsmp source
[0242] The Base mappi ng al so pr ) a nunber of
RELRSIshipfdct T on >Relhﬂ§§s%1 gnctt 'R%lau% ﬁnﬁ[ﬁﬁ)‘?‘tﬁ?ﬁélah@nﬁh;ﬂ
common gper ations over the dat a node ) Function

Lﬂwﬂém St or age] T@eﬂdt em Ret uf ﬁgpanfﬂlﬁéﬁﬁmsmpt gi ven

Aan |+ + o I o

f_fg?/a'g{guﬁr]ag%l% ];llgoe ] ¢ C"tfa% nlsoﬁ"o“r?“' u$e“t’rac'1% Ing 1ﬁ¥o‘ffhaffén for this

obj ect given an
2005/ 024666 PCT] B

b %‘Eﬁ?&f@gﬁ’@

¢ ARSPETIRP 71 Vo
Ext ensi on Get Ext ensi on

(kDEfted 1 tent d,
TSystem St or age]
rel ati onship ob

BYrensiontd EXt
. Get Rel ati onshi

ect gi ven an Itlenl

@Pﬁ 19 ﬁ' tl?a)t O U#ve kems, and 1
I?or erfdlbns

an ati onshipld

RatlatiorMaltdlpckGe!

REICRATHEND (|

tTélm[HF(]l W@lﬁcmck date time according to

Rel ati onshi pi d Rel ati onshi pl d) | tAi2parfvet wHehaic[cBd4B¢ relationship. It

There are two types of netadata ifHDJiL@_Siéﬁte&dla'tiﬁnslhi}ﬁls live.
Store: instance!lnetadata (fhp tvpe of an ltem
ahelaignsBiPnet adat SLRANSERIRERTR MatlAdRe 1 slsayshie oy S orTve

gelavieushy. Jtis for ggmbstoned
the Meta scherrﬁ@lamnshmfc ance Met adat a

Belafipnghie dat a

nmetadata is sto
Itemtypes from

T B o ggmﬁg?armls D b e R ST A

exi ensions associated With an Item Gven the Itemd

for an Item an a ca uery the global item
18y oEombtoRE ieaitband uoe.

vi ewto return t WPand use this val ue
uerythge Met a. tylgﬁ to return infarpation gn
alidel gyt

HEZ4Hci & 1ty BEVER {° égpa (pqg mnfermgtion, the data store
provﬂ?st ARRIRInE B0 BSE. TR tBk YERmhBMWhAS @ sBne 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

[0242] The Base mapping also provides a number of helper functions. These functions

are supplied to aid common operations over the data model.

a)

Returns an ltem object given an Itemid
n
ltem Getltem (Itemid itemid)

Function [System.Storage].Getltem

b) Function [System.Storage].GetExtension

/I Returns an extension object given an ltemld and Extensionld
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SELECT m - Item AS net adat al nfoQbj FROM [ Syst em
Storage]. [Item] i INNER JON [Meta].[Type] m ON
WO 20059pbel = mitemd WHERE i.ltemd = @t emn PICTAIS2004/024569
SECURI TY [0246] In general, all securable objects
arrange their access rights using the access mask
p format shown in the Fig. 26. In this format, the
Exterlsf?)WG%'fi—f‘ifé'n gii@(i@inidslte@rL@ E&@Bs@'ﬁ’% @)ﬁensﬁﬂﬁf' fic access
right he hext ts or standard access
rights mhich apply to nost types of objects, and the

4 hi gh- or der¢)bi t SFak@ioaS¢stem.StAsDef. iz;eﬁeél&ﬁbﬁ?shﬂs:cess
rights that each object type can nmap -

/I Retdf0 2h EPAi66hipRIGTHCA P20 G /18R H2RE Reibﬁbn@hiﬁﬂt Of standard
// and obj ect-specific rights. The ACCESS- SYSTEM SECURI TY
Relatiph¢hip @eiReletiyneiripl ftetndn itdned, Retidnshipld &Reéeshiplg obj ect ' s
SACL. [0247] In the access nask structure of Fig. 26,
item speci figrekddhihs are placed in the Object
Specific Ri ghts section (low order 16-bits). Because
okhiﬂ PTRSE e ?ﬂé&r@%eta(fa& epres i AGs tﬁ)é §tro{‘é) ﬁl@tancc metadata (the
oses two sets o Pl nister securit
upeVWmBEmandcxhmismemagﬂwwplatforniAPI the file system
obj ect specific rights nmust be considered in order to
notivate the des torage pl atform obj ect
specific rignks % N#ﬂglg%curity nodel for the

l.at f orm of th inventioni
o235 Sefia g e in GerBh BT cath FIORES RRgR o bl tiges from the
Meta@h@hgnce earlier herein. In this regard, Fig. 27
(parts a, b, and c) depicts a new identically
protected security region being carved out of an
exi sting sechkitylnstagiceMetpdataccor dance with one
enbodi ment of a security nodel. H NOTI FI CATI ONS AND
CHAREE TRRABReNGe[ad2a 3 uské by ad i2pificasom ogueey foaslgfefofpe of an Item and
t
fnds B eRERRERast PR G, TSP TGl LTl 2 b Rstion can

query thegotaaitamotem gesturd festypestithe Bremsnd e thiy vdlye to query the
i ntended for applications which maintain volatile
Metagkypeaigyy tase8en irfoppationoudhe deplared fype @hihg Ttgnnnlyyr example,
events. Applications register for notifications on
itens, itemextensions and item relationships.
// Retiﬁlkmnila‘tiid@@t lteorebiest for gledniierriesthnggynchr onousl y after data
hanges have been conmitted. Applications may filter

SEL@QtW#ﬁ%ﬁ1$ gﬁ% ensi.on an relatons type
FROI nstfég lggﬁ ByaR ORI Pa358y abbek AR IRe he
e storage platform API 322 provi des two

kinds of interfaces for notifications. First,

appl i cagy ister for sinple data change events
ey geﬁéeiaeﬁilﬁg

[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, 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
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by changes to itens, itemextensions and item

rel ati onshi ps. Second, applications create "watcher"
WoDRjsos66 0 nmonitor sets of itens, item extensPONESENH024569

rel ati onshi ps between itens. The state of a watcher

obj ect can be saved and re-created after a system
to a écdiof btaRdRd ard bjectaps

extended perio 1? pt ?ifﬁrg ﬁgm@ meg&geggs r$|Y§??ﬁ %%E[ﬁﬁTY bit
corrqseemctsdpthﬁmhtm ecqusdhceg]ects[men] Addi ti onal det alls

ng, hsfunctlonal e found in, the
¢ FBAZL" By ot Btk AR b EREa® By seeitietisbticsp pleesd in the

Obj ebES ific Right 86005 0R6 66

: SYN%ﬁR&I?IZgATISOV 0252]  Accor gﬂéﬁgﬁ’g@ ﬁg}%@%g S’é‘é’ pdigent, the
storagp gl %@%@ﬁpoqer’.Mﬁﬁrt@ . APTsgo édmnmg@ spbuwity errWhn3@ran& ﬂmraoe

3 t hat

Pl N O P Sl haicehed PR echaRotd T Pl lipdivate the
des1gjmfahsstorage3&2ﬁonh@bﬁa¢mphmﬁmr@ﬁtspart s of their content

' fl f | d
o BO8L o T, Sscir barSonel St he tpree pitomsdshe rsgseatbimvention is fully
descﬁzéditht@é‘fe%e& A918alRs ?ﬂc%ﬁﬁ)r%&% hg;‘ getf%rgfrl@é' dé%?l?er RELALT glilrﬁus regard, Fig.

present I nvention wt ata sour
27 (partae, b, mpf ejréertictpn mpmu@ﬁnacg/lly potetedobarity 203 bebigdad@a out of an

| atformto-stora atf rms roni zati on_occurs
exist e oo 1 p e i h b R OO el SoRuTLy il e,
W|th reference to Fig. 3, it nmay be desirable to

provi de _synchroni zati on between the data store 302 of
t - st oNQ&éFE)CétTﬁQNﬁ AND GHANGEFRACKINGt e dat a

store 338 under the control of another instance of the
stl9P4Ye preardinerty apashdy agsect ofthe present imventof,fthe stotage platform

provﬁQM ﬁ%tgfgcsagiéi?g ?a?hlﬁl-{gfe th%tt all%gﬁﬁpp éci%\r}élﬁs H%éfﬂ“’%‘ télgtaipgrgg%gﬁnfhls feature is
pnm:glly étetidadefor frpdivdtlonBiviti@ @ aktaie Pb1hGIR StaEb} &@&ﬁe bi8ness logic on

anges i ndependently (i.e. concurrently).
data %PBS%%@“&? CAHMITIgistPIoT petifikatippeen é@nmﬂem@(tm‘mny and item

relat151?s(1)ﬁﬁscﬁoﬁﬁ@ﬁtﬁ)ﬂggretd%ﬁvé}]a@ Q%ﬁ?hl%ﬁg&s Ssp

hi's synchroni zation capa eren

commni;tbd [ Apahdmnons ag Hikipr ﬂ'dtfﬁcsummquni’, aiktesion ap@kildtioh¥hip type as well
% ent invention allows replicas to: det erm ne

asb@ﬁﬁ 8fges another replica is aware of request

i f{f)@S(IIHt Addbr@hpW o dRIs iR athe %f&a%e gﬁ i gﬂ%ﬁ?fg%%%wdes two kinds

aware of, convey information about
of intgyifppss fcprer;ﬂtnﬁ@atmns Fiott, apphicatioos reglstﬂdbmmprMngel\@vents triggered

onflict th
by Chﬁ‘?%g 36 Bet, dn y’&ens&%’ﬁ%&‘; %ﬁ?ﬁa?%ﬁshipésg?caflﬁl @HEL‘E%IOB% Fapte
“watdhepl d@@ﬁs foQn &t kets 6 PNNAY, HeACKterBdEs 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

9g havea‘geen

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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resol ve the conflicts based on specified policies for
conflict resolutions. 1. Storage Pl atformto-Storage

woL@bsatns Synchroni zation [0256] The primary PCT/US2004/024569
application of the synchronization service 330 of the
storage platform of the present inventionis to

chro tances of the storage platform
(e ch m??ﬁﬁn?gb%azhggFﬁéstore) The synchroni zati on
oS5 o BBE e e Aol et 8611 preser PR e Sorate platform
prov{creah Rpchtdiazation et @8B0 Yhad Gi) kB Muipld MStabicts @D aRQtorage platform
engi ne 314 Thus, for exanple, "Scopes" are used to
(eacfdwrth nie w&ﬂ# HPicARR) wygehrgma%p@’rmfuh@e@%@t a¢gordipg g3 flexible set
The, s r
of rulefs andy qf' 9 E{] gfg%eégh 1&%%@?&%@&&% g%:tgeﬁ (5(9 %}61 hron &% él:l]]etcjéla[?z& §tore of the
storalgl @la‘#ﬂoduaulf tleesehi @Rentionwath with wilehditn am&e&stthainﬁrblement proprietary
g ication), the synchronization service sends the
Pﬁﬁ%ﬁ result. of those operations, thus often
co | d3td Sdth @Béc‘a
e e S e i R D R e R
partisipathhgepﬁms Footxanmplegenidr mfereres pe €ig. 81 ians@deidesirable to provide

syno?rg)lfllgz% P%Egtafgerb ﬁgtc#agar r\é\gbg og{hgr,sg)tr%{\% }ggl]t?orﬂigfo A ith ano(%her remote data

stord IRNHRAEE the Rontrd1E hothsr iNQarte T AY &ragdsthtfoie PeriePaRBaHg on a
are applied at all other replicas atomcally --- one

diffeneny compiaiar shstani-t b totehmembirship ofiileis gravppt RY¥meeassariy gnown to any
e IS 1 if two changes are nade to the sane
gﬂwﬁf%ﬂv?ﬁ Iﬁllggﬁ%£?ransactlon then these changes are

gufo23a} esdfftienfaeph&l balﬁﬂldk@ﬂ@chﬁikets tndepéridenitly @l t@@8rrently). The
atomcally. Thus, Itens are the consistency units of

processeot syrrbRamiFAtioRs difined pymaking exyrySERIABHF tipphanges made by
othe% Ia%éﬁggs. GRik E%ch}%&ﬁgzaﬁgﬁt: Biid ﬁsinﬁé}grﬁg]rmﬁﬁymﬁﬁgj i cation

connect he sync on| ation service an
i N{0254}1 e The symvhronggaéipatambilitBot the presapphvandbn eflows replicas to:

provide all, of .the paraneters n eded to perform
synchro a?t‘z”é{?lrnfj i h“‘(hs“élgn%eﬁ ﬁBOtg‘FrorlcP & 13 QWGW)J% Such

appl i catdRBS ifoBn&RINbRhaRe R AR 'tl'ﬁs 11&;/ RGot aware of;
Control ling ﬁgp i cations When
gn

symnchr onomies matmmbag@hpn%sﬂzﬁ i crtb@rarm@lw is Bgtragvareof;

d h
| obal - sReRPBRNDse Poh Eudifef e Bt R0 eeAL T o

remot e Qgﬂy@mﬁgegnmEM¢ other side, the synchronization
service 1's awken by the nessages_sent by the
sy Achr oﬁﬁ)lz‘é?b’lcéﬁﬂ@ere@‘?l%mfsrt% ﬁflteh EEPHFASIP RBET ELTRRATPFR 2nd

.I€es p?&gﬁle @o%ﬂ‘?rgs Bﬂgd Bﬁ Eﬁéc ddPolicle ﬁfr cgﬂfhﬁ{ fe@@lutlons.

|nforna i on (see mappl Ngs resent on

desti nay! on aehL 011 Y RS OB Bl iAo

be run on sc e or 1n respo ese
E‘Z%m b@&? Chr 9 Jé&&r{hg’ SG};n\éhr%%lzla rlls?enr%lgcta l.’,ﬂgott ttr'le storage

platform of the present 1nvent1on 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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[0261] To enabl e synchronization, two steps need to be

taken. First, the schema designer nust annotate the
wat@sagsepl at f orm schena with appropri ate syncPCT/US2004/024569

semantics (designating Change Units as descri bed

belomb Second synchronization must be properly

p AR08 0 o 5B LE D BUe AabS1 1 B, r
exampl¥ rfﬁSU’opéb”Za@é A t4 asfirdeyaclirosidathel sewlas disélss¥ioelow.

2005/ 024666 PCT/ US2004/ 024569 b) Schenm annotation

[ cb%’vﬂ AF e gheERHEaion e Btestndha prraple Af Zeat changes”. Rather

than rgng %?x{e(ﬂg 1n?fv1 C %?ﬁag@lu&h as @nﬁ@%ﬂéﬁ% H‘ﬂe{l bedl C]Ea n), the

synchbt)hﬁd‘hﬁn&éﬂl[c&@énclﬁ tat Eol-result EDﬂhom/@eratﬁhanmfs dﬂtmtconidllﬁatmg the

ynchroni zati on servi ce may he e to determ ne
resultg ARRRLIPIG PPEHITg EO asiels aSHigee gh’&ﬁ?;e since the | ast
syh£ss) [ 3R 3IndestionRhisBe i RRIRotYR 'gEl%rél'}es:%@& tﬁﬁ’l@féﬁ%n boundaries.
serves sevefal purposes. First, it~ determ nes how
In othchmotd,s iftveo shanghs aminzaleiton stoeaaeiptafore dafn gtére imk simgle transaction,

When a cha de i nsi de ange Unit, .the
there {111 B e eniees B bt g SRS reffiy ity — one may
show $ip RGholil e DYHENTRO bR it to 158 p¥in€ipledo eft Tatvo kRMWeWRieGhade to the
art of the Change Unit was changed. Second, it
same {emdn ihmene tramsagiionhem thess changescing Byasanterskte beiseni and applied to
Uk
other I}é&)% %% %{’Igﬁn?c%pg ggg ‘gelglg% gé gér?sgsﬁeﬁs%yﬁlﬁft%f tgg ?}(n%ﬁ{cﬁl% ion service.
same change unit, the synchroni zation service raises a
conflict; om)the Sghblmnnizatidn ($¥n o) Clombrolking Aphlicuginns ar e
made to different change units, then no conflict is
r E[lﬂw(]i aag dpplcativange somreet @uhosyachwalzatiometrgee and initiate a sync
Thir |t stgongly af.fects the anpunt ﬁ‘irl net a- dat a

operag%t %p@mroxﬂﬂﬁf@&l&f t@q@r@yﬂeﬁp& e dp pgrform synchronization
(see szgi?fﬂoﬁ?e 5y, Olch a}gﬁhéﬁﬁ@ﬁs REFefelrOPRARMN LS Syl Bhtrolling

ange Unit 'er 1 ncreases the overhead of
Applisatioms ($(OA6)4] Defi ni ng Change Units requires finding
[ For t hat ason,

t g trade; of fs. t he e ‘
T St FRE Sai e o BN b e & fpated on one
side bY@t (CA | p@h@c SO T8y 186 B5eal synBReRkatidh RR8c tH¥Biike with the
the synchroni zati on service does not support ange

remotgipartaer. (Qrathe gther bide.gbe synehionigation sgvisige is awnken by thg messages sent
by the %/%% H&Bﬁ&rﬁ feg)lg% QH thg XH%@EU Hgéﬁned :I? %e%@cﬁr[d% _b'_é_?ed on the persistent

y smal T'er ange un an an

confiaamfdryinf@mation (ge Mappinps bela\tv) pﬂebauit s tlaf desfinatioh @mahine. The
i nto a separate_ Change qﬁg n that enbodiment, this
synchyenizaion$pTvicsiian be §1|“h‘<§1 1qhgdule e¥ morﬁmgswrﬁvsa@s krrt}as%e cases, the

R e L R e T S P U L

[0261] To enable synchromzatlon 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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<Fi el d Name="Meeti ngStatus" Type="the storage

pl at f or nMTypes. uni quei dentifier Null abl e="Fal se"/>
waRioslogheblane=" O gani zer Nane" Type="t he st or agePCT/US2004/024569

pl at f or mTypes. nvar char (512)" Nul | abl e="Fal se"/ >

<Fi el d Name= Organi zerEmai | " Type="t he storage

pl at f or mTyp har (512 TypeMaj or Ver sion="1"

Mul ti Val ued Tru ‘Ema% '??&QPJm t Nane="CU_Status">

cﬂ%g%g gﬁﬂe I\/Eet té’iﬁ}ez‘ié(pd;/ggg%g%eslggfléeis that of a Change Unit.

A Ch 1gs913§ﬁha¥1€§t of écﬁlem%(ihéf@ #8329 @6ked by the storage platform.
PCT/ US2004/ 024569 <Fi el d Nane="Organi zer Emai I’ />

For e\tﬁ@ﬁ?éung@ﬂdnitt,ﬁhe gyntimenizatiyn Syvice Cekibi gblede detarnipe Géikthar it changed
. graqu stora platformpartners that wish to keep

Ordldgrécﬁ E?rfgeﬁg}cteéheglﬁtsﬁ%ﬁr data in sync are referred to
ag02633Y West@atit Chahge\Wiitsén tHeasch@nD Sdrses@bvdriigurposes. First, it
community want to_stay .in sync, they do not

determiies bYWy Fhéﬁ?ﬂé@é?ﬁlziﬁﬁé Serics 1 on Deatirg yWheiea ghange is made inside
: n {
ol SR RO RGB! RISHRLR vaion
servic&aibreanoﬁgnom whish pagp ofithei@hahgd Unit mes cBartged.méecond) in determlnes the
for all artners

ransf or ma t heli
granuﬁ%¥ 85&0 éio etsgHeth P‘%F’g §t'? PR P & 596“ r@% & tfigns are defined in detail
in sutﬁe@lieqaagé&neﬁs) aflehbdd B9he SREUHRh & udio ity SichroMz 8RN i Edraises a

I's an abstraction that Tepresents a
conﬂhy ;mmtheoﬂlclalhandsif gomirient dvsngeﬂmnlaéd: to diffenenéhagge units, then no

conn R %50 B RHOHOEE s S0t QRS Rl o o

of mMLdatPREPIBhS sfstdnil EMBicR bf theSyB@iteiiadtios @BIvideahidtaidata is kept per-
sync, Joe defines a community folder called, say,

Chango Bsitoduperaking Ghange Usnts spaler inersssss die ovssad ehipingur es

fo[pﬁlﬁl ancﬁb ?’f’%ﬁﬁ&%l it c%’%n?ﬁgfthﬁllg@ﬁ%gr gﬁ? : ﬁor that reason, the

syncl@&hlﬁitldmr’s,erwmlom aclemcdasipntmits payiophtednilrepracdsh each
other, they talk in terns of docunents

3 JB2ES).c e smbogizent £b HaRMTORRRYON %95‘5?4 dqss pgt supppi Change Units
that a\é@%r%e?ltﬂan‘lﬁeele?néh@ MRY{EYS, ¥ R0 gﬁ’&@'th%%hltﬂf&}%ﬁhé%é fithers to

know who the others are - Comruni t
specnﬁ(ﬂrntéler bleengresits then b plguent +amrnzelpferodpensynitiple attrlbutes of an

element into 2 seIYarate Change Unit. In that 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"/>

<éi‘1angeUnit Name="CU_Status”>
<Field Name="MeetingStatus”/>
</ChangeUnit>

<ChangeUnit Name="CU_Qrganizer’/>
<Field Name="OrganizerName" />
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[0269] Configuring the synchronization service

consists of three steps: (1) defining mappings
whedndoeres ocal fol ders and community fol ders; PQI/US2004/024569

defining sync profiles that determ ne what gets

synchroni zed (e.g. vvhomto sync with and whi ch subsets

sg'ggldgj 9} ?qga%lzgr’%aﬁ% recei ved); and (3) defining

</C$‘gf$ di fferent sync profiles should
_ , or runm ng them manually. (1) Community Fol der -
" Mappi ngs [0270] Conmunity Fol der mappi ngs are stored

<TypgS XML configuration files on individual machines.
Each mappi ng has the foll ow ng schena:
/ mappi ngs/ coi nmuni tyFol der - 77 WD 2005/ 024666
PCT/ US2004/ @2456SyRhiConfigeraion nanes the comunity
folder that this mapping is for. The nane follows the
sy[m@ﬁ] rAlgesipaif sfoodgdgrlaformmmppens disat Moghato kel egrtaimpdrts of their data

N N IR TN ——

in syﬂ:co H@?rd% noTﬁ&egﬁhﬁﬁfe?fEﬁé{t i da@eﬁﬂ)yexﬁéﬂysthe b@he WA, IARIYr RBrds, sync
bé valid ens wwthin this folder are

partn@r@ mydeme@rméhe éa,tmﬂms'@rﬁ wyackeniZier thi s mappi ng.

! TBRRH DGR ol B0 QLRI RS, i m@gﬁcﬁ&? i (L8110 GRiAN tfstormation

mappifdsder alli@ﬂhbmpkrmdri Iabt&ai]tthemyne]ﬁrphlxzatlmavwe takes the approach of
transformati ons are, perforned. parti cul ar

definipg b e " o EOREPPEY folden lga%W@@teﬂnathﬁfofﬁpﬁegents a
hypo§111 T L e e &fn%ﬁ&x%&grlnémﬁ% he syﬁf:hr@m%ﬁ‘fg%'fh

mappi ngs/ t ransf ormat | ons hi s el enent
r qResit sTIuhad)tlmﬂwlbystg]éusmawéagf ah@xahplbDif b@ Vet tgrkecp My

all o he j.tens fromt fol.
Docuftepisaplderest B PG COREN T PrPce iRt folder called, say,
J oesli%clulneﬁﬁ' nfl?énnoxli a/eﬁ‘? BOhPESr, Ue é@ﬂgﬁfeﬁ a'nti g%@\lﬁee@rtﬂe hypothetical

forth hnapp g ransformati ons/ | ocal Root Thi s
Joeslhcbcem@nts fo@quesit eidﬁatMarllpoquwntslf@@ﬁ% From s pirheihvihyn Joe’s

com e&iw e rmdig{:g ! heé’l t@é ttap( 18 (t)éz % Ip %b"ﬁ‘ﬁ%% L {\}an 8gseDocuments,
rathePthah BHdift Wcdl eQHRS H&ilsa@@i, Al Jod’ hb@mpiﬁaﬁ uRderatand paohariss edthout 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/communityFolder
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If absent, sender is assuned. /mappings/runAs/sender

The presence of this elenent indicates that the sender
woRispsseges to this mappi ng nmust be i nper soneCEUS20841024569

requests processed under his credentials. (2) Profiles

[0271] A Sync Profile is a total set of paraneters

eltglgn &%’F nﬁl?lﬁ(etn { at}}lq? ﬁ)ﬂ%%ppg%tsstu %/pfh'te namey follows the
pr%’r’“ialxé‘éle$ Ffgpage platform to-storage platform
/mapeipge/tocelfiofderi on contain the fol | owi ng i nformation:
Ldﬂas; elsmlemtelamqs dhesleealdolder thafdhe mappiag siadsfdars intmt Themame follows
f dhe shamgmdss of Rehietse el fdider mastalread ysgunst Horahe aepping o be valid.
t Hite ifepdsdeithimtisit fdléerpubédmsidertdffoosyntivenizagsrope tiiantapping.
/mapPg¥ensfbrmaatiorppi ng as defined above; Direction - the
SYIfEieRkA@det QBS B&Y Yd ﬁﬁlsﬁiﬁﬁ%rﬁssfr&ﬁ gk (SU&‘IInMumty folder to the local

r &5 RleY 8a nt%? (6 s fohtfions 51%%‘3 fofthdd &b patticular, this
Soheit %hﬁﬁ@xb 053 %cbﬁﬁ‘ s ahé)sehﬁ é’a&fig a eache
pr esse as a 3O age ttorm
y \/O t%e 1 ocal ; r; Renpte Filter - selects what
mapw vanyrsiea

§R f
R U O ev%gler%qbf BE afefaears a gie items

t Hga%mm thy cpBywity foldyxgr p@%%gqgmnumty IDs. The Sync
PRYntisEovY) m2intéo D meapines foseny ek gems backemddagh.how t o
/mappingsighoyfonmations/laca/Roed from t he | ocal format; Local

S €this element reqsescthdti algoshiemizan thehmnuhamge®ldeebe nmde dhildren of the
f repaRifib@rdoenot e endpoint are to be applied under the
/mapPRENHMsONS of the renote endpoint (inpersonated) or

t NEhiy é@ﬁmhtmohtratsldﬂaelt WEose MiiholifChhickis ARGt tﬁmﬁéﬁpﬁg are processed.
rq§9},§ ggmgp d £k ed speci fi es whether conflict
I.fies

Jma 5 2 ecte | ogged, or aut omatl cal y resol ved
ipp1
%&ﬁ eni;e O{Ebs e‘f%ge%rr 1ca§ ar% éhe sen er Of JS ss%ﬁ?s lto tthlS mapping must
GIHESPQH%? B F?ﬂueﬂ?prﬂcﬁﬁ? ]mcfeﬁ 15§§?~ng ¥Ni zati on service
provides a runtinme CLR class that allows sinple
bui | di ng of Sync of ip®RFilesPr of i | es can al so be
serialized to and from XM. files for easy storage

ot angg dA@ﬂlgé ipRSH1S @M SShof gﬁ‘ﬁ ié% neciBEIFkikI® oﬂ@yncﬁromzatlon It

pface in the storage platformwhere
is supplieflibly @es S&lZetosthe Sy R&@Awe mmltm scyoms Synr profites fercstorage platform-

s plepe et Pt e o BB R R (o
| ni tisateo @Y RGiderd seBVe s the source and destlnatlon for changes;

e 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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informati on can be specified in the profile. The
mappi ng i s, however, required in order to respond to
W@ ys/0e4sauests initiated by the renote side. (BQT/US2004/024569
Schedul es [0273] I n one enbodi nent, the
synchroni zation service does not provide its own

2ot for I BHBHEADS [0 BTSSP A MR RER Mg LR i hloeal ormat
Schegul ]?Jcaﬁé’e@hﬁﬁ?l--%ﬁlé‘hﬁgs \lvll&hé\“ {5& O5RkLs ANAEBrom the remote

operating syste synchroni zati on service
i ncl udwdpombamacmble hppl@dmmdctnthg/pfirhmsmuctOﬁ thegemnte$@Apoint

and triggers chroni zati.o S sync profile

saved i (HgsogRedy pT e Sttt B PR SV ERa BT ER o) "csy

to  gontd e eddigiol pulieys %ﬁijédlvﬂfetlle? cbilicts should be rejected,
synchroni zati on either on schedul e, or in response to
events lsglgeh'l asatugmatha&ig@womedl— @g&lﬁflatteaj):as@omspmﬁes which conflict
Handl i n 0274 Cbnfl ndkj ng,

synchr SNUSF RS & Vel e ARbRART MR erde L ages:

( ]{))2723]0 nihd @ﬁmﬁ@hﬁ@twmmm@pl@hm@@@ dirBingd CER&:l‘@@that allows simple
plication time - this step determnes if a ch

bulldgm«pf Yyac xafdes Brpfics sap alsobhe saitadasst toand drom XML ﬁles for easy storage
(OftCIEJ ?ac éél&él: %e@xﬂgst)e?ﬂ)gée@gr thefk4s g %’[8%1?%11‘2 tp?elc%@n {HeNBrad AN 8Form where

ftér the con I's detecte
all thaptafited dre stoosf,; ISCaﬁts arewolcume $o mtmartqubﬁkedamthe spm w’iﬂhout ever
the confljct can be reso| ved t he .con
persigiig ib NOISUPOETT TR Paied oo BRI SO fie fatt L hevne
inforﬁﬁfl?ﬁ @éﬂlé@ﬂe@l@iec‘l i lllle%rcﬁll@ pTB@lﬁ%ﬁp@é aCBowbver Q‘%&ulred in order to
conflicts have been l'ogged, and occurs outside of -79
respdﬂﬂ)@@ﬁ&/@@\ﬂﬁ@@@nm@fﬁﬁlmm@wH@Zﬂsé@ t he context of the
sync session - at this tinme, |ogged conflicts can be
resol ved and renoded fSdwduleke | 0g. (1) Conflict
Detection [0275] In the present enbodi nent, the
SYjoe 3o ninzadel epboglénatit ctbe eptchmingzation sdryjoe goexs not provide its own
conflicts: knomleda;:b fed and constraint - ba % ;
schedl BAREIEHER ANEISH I} RS qIPHIEr SORPRAEF L GEIES bty ol - he
Wmcfoh%fédh%ulglcﬂélﬁbll‘:\m th¥RHEBRI Vﬁﬁdd%elaﬁ‘ﬁlg REASBNThe
anges to the sanme Change Unit. Two changes” are
synch:mhizenion mpe itnies o tommeyd-dine utihigghati apts@a 1an Skoaidetiggers

sy Blp SR BhaT o e boBl Bt o LDs SH SRR bl vey ey o
confROfL thé FANNEKS ScheliiRr foyre Ry MMk Fadtion e&ﬁér\ﬁncs@hedule or in response to
automatically detects all such conflicts based on the

eventsepth axeser lagonioetgeilas descri bed above. [0277] It is
sonetimes hel pful to think of conflicts as forks in

the version Hj St Opynfifet Handling
[0274] Conflict handling in the synchronization service is divided into three stages: (1)h
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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change unit. If no conflicts occur inthe life of a
change unit, its version history is a sinple chain

W0 2005@2a5h6 change occurring after the previ ous POEUS1004/024569
the case of a know edge-based conflict, two changes
occur in parallel, causing the chain to split and

beco yersion tre [ aizat - ba ed conf
the BEEIRTT B s it 8 B il RRR AR A B! 4o rEmoved from
the lwg.0ol ate an integrity constraint when applied

together. For instance, two replicas creating a file

with the same nang)i n thgficeMRiectiphect ory coul d cause
such a conflict to occur. [0279] A constraint-based

co m‘zbspt I ﬂl\é%ys%ﬁt érﬂ%darﬁaﬁptﬁe Qﬁ[&hdﬁ%ﬁeﬁ Serbick %Etekﬂs G0 Bypes of

know edge- based one), but they do not affect the sane
confli¢tarigewierge-baRet m@rconttt?elyt-lalseﬁc.bct different change

units but with a constraint existing between them

[0280] The synchroni zatd)on Kaowlalzedmseattmflicnst r ai nt

vi ol ations at change application tinme and raises

cofi276pi A kﬂmﬂai:gee‘tmséd ¢aaiflict avtursrevhiee a»l/cb yeplieeandiel independent

changEn @ (b S AEC AT K HiARgERATE FRllsdanren iy e e made without
knoﬁl@&%é’(‘)fcga@ﬁ Btheh .- ARSI IS the VS oR ¥PERREIZASH Blered by the

servi ce does not provide a general - purpose nmechani sm
knowledgaiafi the second an@Qick\Per2 0Bl aciBenRai¢US200A0o®EE@1ly detects all

suchsabOEFtrse b e RS o BUATBR “S SF TG G211 ake ome of

t hjey7) agtik @&ﬁeﬁrﬁ@d 1Resfartollink RE c&OMIEts i FdrkSinQhe VérsibhBistory of a
Sync_Profile): (1) reject the change, returning it

changgenit. {fnoseondeats oqeny in thy life efgrhangs uitits versiopinsterytis a s1mple chain
[
— kgl SRR BB OV 5 UL e BB, e
chan@€d Sccasin Ifarﬁll& dﬁhﬁﬁg theathalin toeplitand beenad a tdsion ekl C a.
A negative acknow edgenent is sent back to the
originator. This reso(m)ti o@oRstrhigy-basedodontidts | Y
useful on head-less replicas (such as file servers)

whegeg| oglibRGire 64264 bvh@r%ﬁndeﬁeﬁlﬁ:ht ERagédlislatel dﬁﬁh@gﬁty constraint When
such replicas force the others to deal with the

applisdriegatiears Fpyinsianpee ewe rplicsscaieatiig2g8p wiijntbe pama namainghe same
dlreé‘f.??nfclogﬁr%ﬁ osqlfchl C&)nfl%ts%lo%ﬁ on in their Sync Profiles.
r

oni zat I'on service supports comnbi ni ng

nu [02179] e Aceutisirhigt-based abivlitisnvelves tsiorigdeendeak blhzﬁlgES’l(]ﬁd‘ﬂ ¢ike a
| ow n ecifying a |jst

ways - fi
know@ﬁgq b%s@g PBp PYidhey %mr}@fﬁé@q tgasmclaﬂg%wmé n%%th%rp they affect different

§ gﬁgﬁ§ﬁv, cond, by
Chmlgggé?g@ﬁﬁgpﬁg&g Ict resadlvers mnéﬁ conflict types,
e. §0280Yi fféietsym@lrmpmmm-semwatdetektswﬂhﬁd@m ~vibestewhs at change application

. _conflicts to.one resolver, but e .ot her onf
tlmetagg raises constraint-based conflicts automatlcally esolving cons raun’c-basedS 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

S0.
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the log. (a) Automatic Conflict resolution [0284] The
synchroni zati on service provides a nunber of default

wa@ eousloaste resol vers.  This |ist includes: PCT/US2004/024569
| ocal -wi ns: disregard incom ng changes if in conflict
with |locally stored data; renote-wi ns: disregard

| ast-writer-wins: " pick el Scal® wins or

re - WLRAS, per._ghan l,t..based on  the tinest of

¢ nB L e AP iR R R SRR qriog ServieP o NP g of throe
actiogeteledled B9 abe synotinititloyinthe SYREKo¥idd) UaS rejédtife (h@ASH, kétlirning it back

resol ver is the sole ex,cef)(?tl on to that rule);

to sepsisreliag aseqnélict ate i canflichloar of () eeseln e confizet aptematically.
OVREREY L e IReBREROR, Ehlo Pl L§Fy o he Nfe change i

| ocal data if in &gnflbgﬁ?%i,pqcie&&:om ng changes;
er

se neani
not agywecd tieniephita. ok negative bdeswikigsmbertis s@g bagkiothe originator. This

conpar.i sons .of .partper |Ds to inplenent this feature. .
resolGTDR{HCY 15 BHTFE Direlil SYACRlS FERGEE ah 1e SSEieR Where logging

conflid€is'moP MasibRN Thitedd, ERBGEYIRES forleithk QML dehGith the conflicts by
resol vers may accept configuration paraneters; such

rejeciiag thept ers nust be specified by the SCA in the

i.Cct < Resol ution ctionsof the Sync. Prqofile. -81
veU3BYE, SoRaR s PRt A P s s B e nghe Brofles! The
synclgonizbiist serasobuports esrtbiamgamagplelcofiflict fekolk e i Qﬁn?!&%roﬁle in the
l'ist of operations that need to be perforned (in [lieu
fOIIOWm&‘ﬁ@’SmgﬁSF by sperafyagmiis pf pendlictiresol vrss tolhetiripgonerafter another, until

LZAt ] [ : i 1.0ons

one FAAGPLARLER LANEGIA b S DSBS ChASIE LRI .o
directihgtipddte updaté knotledzeritised cdidkicts anaiedesodebr, i) 28 e dtherd ®nflicts to

possi bl e that another conflict is detected while
the 1gy5| ying the resolution. In such a case, the new

conflict nust be resolved before the original

processing resunes. [02B8] AwiematiciGonflief resolution| i ct s

as branches in the version history of an item _

c df2$4ict The sashignizatien seavichproyidese gumber ofidegault conflict resolvers. .

6 ILNkng two branches to forma single point. Thus,
This g%@@p&%& resolutions turn version histories into DAGs.

(b) @onbtilstinkaigtfnad 2889 g chaMgds\if Medonklesy ath 16éaNe s@fred data;
a conflict resolver is the Conflict Logger. The
synchr osmeivan: disiegirddogdabdafa slonfcpnicsweb inaoereg dfanges;

ot Ro RRHEERER Bick SRS o Or P rPing i onit based on

t hensel e sinfeatdmphgeie dhahes @Sle thiaBOsyreRidhiZafibn 52606 th general does
contai ns: the incom ng change that caused the

conf | i ditot relyeniclpsk vakues; (s eemflipy resolver is the sole exception to that rule);

e Deterministic: pick a winner 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 IDs to implement this feature.

[0285] In addition, 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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updat e- updat e, updat e-del ete, del ete-update,
insert-insert, or constraint; and the version of the

w0 p@se4s66 change and t he know edge of the repl PCHUS2004/024569
sending it. Logged conflicts are avail able for
i nspection and resol ution as described bel ow. (c)

C$ thh gcg:ntﬂlc(:)[ reso?ver E} c:esg%éo% é{e94r8§ E‘re list of operat1ons that

onl za |on Service
need t@ﬂjﬂpe@f@i‘maﬂﬁn tieu eRtBIcoflities ch?aﬂFlé)maﬁlt td 1B n@ftiéhd. OThe
uggest resolutiong of the conflicts in it. The API
synchacrm%m@néﬁrmqedh@n PRligpthesaapeeations having perperly ediisted pemote
tnow AR 1d BERAL ShA Y il MR Bliakiba ) S0, al lows Such
cations to resolve ogge& conflTcts in one of
t (0285] ways:pogsihle ltlell(rthc&heM cosflict s detecrdtwhily applyidgoifig edolution. In
chanqg and oyerwri gﬁfllctlng | ocal . change;
such g ease 18 gpw gppiLict must; ﬁﬁ Vﬁ’g Etshe theorisHy! Bré’rc?sél%fre%‘llrées
| 9y OPARGOE: m&rgdof(c%hﬂfcrwe@%%hcﬁmnqﬂ@v&eon mstdw 8F &1 item, conflict
the application proposes a nerge that, in it
resolu@pnﬂ cambe viewed omioinshe combiting two @andies émformay ssngir point. Thus,

ation synchroni zati on
Conﬂﬁ ?ﬁ? Empqﬁgvggﬂ@ﬁ%ﬁﬁpfgﬁv%ngfog (d) Convergence of
replicas and Propagati 8% E!'CI Resol uti ons -82
WD 2005/ 024666 PCT/ US 4/ A "[gé’%l] I n conpl ex

onj zation.s [ e sa ct_.cC be
AP ok S eationf B piopndict Fo R S ScaiuSt g afhe
synchtdHiRnGaRiRaBREdnall astItb?nstm#)é @enfﬁé‘ﬂkep@rdr Tﬁ%e"r@&r@@are related
one replica, and the resolution be sent to the other
back {oZhe itbms thanaﬂeun tonfictr(urlessitbe 1tgms ﬂmmselrvephawép@en deleted) Each
flict .S I

conﬂi?ﬂ nggelg)% ygrle 1§cogr?¥wt he C éc%ﬁc} }reézf)gﬁﬁcL tﬁg &Reé)g?he conflict:

updatélabalate (114821 deldle, @BRE- B AR UREGLRNER, off dd@Bstraint; and the version of the
synchronlzatlon service forwards conflict resolutions

Incoming ehange an@ﬁ]e,k@ggrledgﬁ ehthg remiga gendingit. Fesgadeesfligts are available for
1nspe(,ct90?1felnd%s tfolnV %e&hbgd P&B i ca, the synchronization

Service a I nds any conflict records in
the | og that are reso

d
S T A g%ﬁ sgrg@w”én%ﬁ&rr Erfi’ Plolution o,
[OOBRE R e St G ey AL b PP R Gpch amine th

conﬂﬁ:ﬂ%@aﬁé% &r%rgeitrﬂ@soﬁmﬁs 6OME ebsflictstiN . THY AFILAHWE applRBtion to
service a ies the principle of binding conflict

enumpr@&ﬁlmqnélrptem conibikts r@ared &t 2 given Itemo It dsoplinvysowsh ppplications to

resol\)@I lg%lé) glecronhn;?s Bl g%f O\ﬂw &ﬁﬁ&%ommﬁs W—— R éﬂﬂﬁﬁhg llocgtég&i change

etermnis I'S guaran
and owrediﬂmg thé‘l@rﬁlﬁkffii‘rgrl@&lu thigmgeat (2 pldcalt wine s-- (@ioeing oboficti®nparts of the

ses repljca |ID |exicographic conparisons).
lo gged 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.

@ Convergence of replicas and Propagation
of Conflict Resolutions
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[0294] If different "new changes" are suggested by
different replicas for the sane conflict, the

W@ p0vsioe4sné zat i on service treats this new conf | PCT/USH0#024569
special conflict and uses the Conflict Logger to
prevent it from propagating to other replicas. Such

:e[bfffld tid ﬁ%ﬁ%@% Ckﬁéfg%ﬁgon#céx{&j@gﬁgg ?%fél(lfel'lcqtcartl Pe detected at

multifigtraplidaer Hshis 028hg, sé@@ﬂrtﬂmggcm.a@p@{ fQE)rthaS@fﬂltt cah bk lﬂ@solved on
st or age gl atform of the present inventi.on

one r@ﬂ@ﬁa@é the Eesplgtinn be srat treke ather(@hibe eertliplds f%?leeé\% both rephcas
|

sor 470 QU2 e, RS 50 5504 o BBy e contic

mspeMumABth Exchange, AD, Hot mai l etc. Sync Adapters

b .t fromthe man Vi ce provide
BT AR AT A R s e

resol@ﬁﬁlﬁ kd BthbhRpREHE WIRMNCcHAE AP ®sélPestdonARe drrives B€a replica, the

i npl ement ed as plug-ins into some storage platform
synclapwimiticactenies autemafeosily Snds any eopilect sesapsisan thedag that aysirgsolved by
this ugg?te g%%% Lria?e%tﬂ!x T er Eacsgrlfstel l ' 1ct rgs%%u;tif)\?ll Cégg}e%ﬂhé %;f)mdlng on
all the baegeeplieuner ati on and appl i cat| on. -83 WO

2005/ 024666 PCT/ US2004/ 024569 [0297] In order to mmke

i t1039Hp 1 diffesent Jeipesrs ateshessarbylifferen grkiggs for the same conﬂlct the
s BIREINGNEALL QRIS AR SRUARE oIS AR S ks an of e
two réazlmmcms to it evelr degthertautimaticaldy. s’i]lm:wgmvm ptdk_ed Bymdeterministic

: i]e as described ove. of.i.l e provides,. :
fashig et GRS DR POTTRLrerHE ka0 S (oS ogjment uses replica
IDleX‘ﬂEbgﬂa pRid3BIphSsoRRSS to the Sync Runtl me to control

i me serV|ces (e.g. the Folder to synchronize)

&/[ﬁa%?»e rmdcféerer[to 268 ]chaftg@s Sy skgasatied Ay differens renlises for t e same
conﬂ%t,ott{% p&%hﬁ)&?z% 1R sefrglé:? %%,? (s: {}ﬁ?e éé/vlg é«g S'f,hgétoas %dsggclgl conflict and uses the
ConfE&TviRtE0iprévnt Rfidm popiddeingesothaereplicashBadh difv@tion commonly arises

storage platformis doing synchronization as the
with menpa genilighigseBomon- st or age pl atform backend that the

adapter is talking to as the "server”. (1) Change

Enurrer a&.i on $y0boqnigingde nen-stay eg@hbifgémtdﬁé% KioKep dat a

mai nt ai ned by the synchroni zati on service, Change

Er{@ﬂ%i]at Amrélhg m@w @spaghpf the storage e@éﬁ?ml o ﬂtﬁmsf psenkinvention, the

hat ve oc dat

stora%ef ﬁl@é‘h rqvb 1tf§% ﬁu W do [118}3]1% € 1h zgc{ ter rl}gf allow the
stora ﬁlaﬁ'bltrﬁ? Efpéyﬁdhrohfﬁ %ieg@ﬁ%@ﬁm a30ch @Mf@ds@ft@ﬁ(ch@@g%ﬂm Hotmail,

he concept of an "anchor --- an opaque
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.



structure that represents information about the | ast
synchroni zati on. The anchor takes the form of the
wat@sagsepl at f or m Knowl edge, as descri bed in tPET/US2004/024569
proceedi ng sections. Sync adapters utilizing change
enuneration services fall into two broad categories:

- U oS P 1 BB o teP R AR B ypetyopigation o

give'hiRkeénd, 89né Aﬁ@;steia&m@rs #behdoutRd t&lposy e stahd W RE Adupter
- onthe client, or on the server. |t is often easier

interfapg, védelpruap gyncglsqruhe Sype Brofife asrdeaeribsd abeve: Hehe prpfileprovides
conﬁ%?fg}i{)ﬂ gnf?%%él%ﬁg '(t)hfe i étgp 8%1 f ﬁ?ﬁﬁ:ﬁ aﬁzépﬁérs% atg rtllilefe @}r{cyRuntime to
contrélituntipleGettided (4.8, thy FoldeowisggcHronikd)e sanme backend,

storing this information on the client is inefficient

and in sone gases_incorrect --- it nakes one client
unawar e of tHe c YRS} the other client has

al ready pushed up.tQ the server a adapter want s
to[0§§ a"?%f‘ewebrogtzawuseﬂ&ﬁ%wewde? ABURASiR sy gascs tg adapter

write?# RiRdr ¥hd festsFakis ts&titoﬁ,et[t 833 c%%.?&ff erlt lt@l"effé%rtmt}?et m% d 6r{rﬁhﬁfl the storage

change enuneration. I'n order for the storag
platfgiratsfdoiny syochraniastainastthe“disotiend (he tdnestorfige platfomh bmkend that the

enot e. st orage).,. the storage platformneeds to be nade
adapé?ﬁg&%&&gt?ﬁég‘%éﬁrd& that were -84 WO 2005/ 024666
PCT/ US2004/ 024569 _ sucgessf appl i ed at the server.
These and onIy t Hdde C§EW§§§£E§H‘%§°PnCIuded in the
anchor. rln%@h ange enunerati on, c Adapters use
\§

anl032%n oRtpssd 9B it BAREB I magﬁ%}rl@c{] Dnihersyneipgaion service,
Chang@ ﬁlléﬁ:‘&l%ﬁ%. fik Xy%pﬁhﬁt@ﬁ to £4si g@ﬁuﬁ@ﬂteotfne chan s that have occurred to
ync ronlzatlon apters using supplied hors nust
a data statk Fdlderrsawe a]m&:hstrtlr(lemlnronnatDmrpwnhtlas paitrler wfas tattenpted

A AR T TN TR R p—

strucﬁﬁié‘ﬂia?fe s36G fEmetaton aBb@MBe Wit $ynéii6nizAtRHB THR@Mchor takes the form
i nsert |nto t he storage platformdata store. Common .

of thestarage etatiormdinoledacaasadascritedon el mecesdiang spetipns.e Sync adapters
ut111z\ér?%c aggéc’ ergl T c;an%,ngsﬁﬁ), g?lT g}t% ?(7{;](%_:] glrog{f ﬁ]%tgédé%? tﬁggevlg?neg “stored

anch@aang&h&@lmﬁﬁga‘smpme@aﬂcho@%’s a nmechani smto recei ve
this extra data alon]%aé.;F t he  changes,
gsn

r eioaPHed herwﬁ%nféqonm phereribe miergration abglgrt%e lagt sync is stored --
t -
-on | X a | o [3 8%8%) q?;ﬁ o'ff%n e ér fol AR5 Bcrr]b tg)l?sl)coor\%}ﬁ%yﬂﬁormatlon on the

p I'ca
clienAdaﬂteéiaskdnd iapftnyna laap@dasoﬁ@neéniﬁﬂlyfstmmgtthm mfonhatmne r{oh the other

t e | ocal storage tform e .expect.
handy § iyl R EHEIERASR LG e o s PO Bpon on the clent
is incFANEABmdh Somée fased iﬂéﬁfréé’ltﬁﬁt thiesRhOCESH uﬁywéﬁ‘é'o‘f fhe changes that the
storage platform APl cl asses

other client has already pushed up to the server. If an adapter wants to use a server-stored

ﬁa

anchor, the adapter needs to supply it back to the storage platform at the time of change
enumeration.
[0302] In order 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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are generated fromthe storage platform Schema. [0305]
The primary function of change application is to
waeiaosontehe€al |y detect conflicts. As in the caBeT/v52004/024569
Storage Platformto-Storage Platformsync, a conflict
is defined as two overlappi ng changes bei ng nmade
f : .
succ%ﬁﬂglabp%gp%t@é;%?\éeg ranﬁtola tlslﬁs\eégﬁ?nﬁ? %gﬁ g%] }gl?igc\llvlmt tll]le anchor.
Dunngelmgb emonavhtial) Syon Mapibrsdmé ext hickiowisdgearehoinmthee to report which

plication rals nf | i f. an overl appi ng
changsoagte éﬁ%ﬁi@%ﬂl SaRplid” Abiesade aai%gp%eon Adapjersiesyg supplied
anch&@(fﬂ‘dls? 98 thSndhe hifhbe ﬁvhlé\lﬁ mcb erte% a@lﬁﬂﬂ@sﬁ@éﬁﬁﬁlﬁ dlpgﬁed changes)

adapters may use either stor or supplied anc
and sehdrtde thgpHackend. on supports eff|C|ent st orage of

oy PR G biTE ool b L B Rt s ey

1nserbﬁ1to ﬁfe%fcﬁﬁ’geﬁ)‘laﬂf&ﬁl Gt B0 T ohirh b9 Bx B 13 SfBuch Bfta gﬁtr@mote IDs and
m ght be returned on next change enuneration.

remotyrpipes (Hesstmns). o hhq B0 PIITAROICSHYIES PrOVidEs & mwphmsm for storing
this dHEE Qﬁg ttlﬁg?rfge %ér&foql ﬁg‘%}igs 4{1’19%91&1&?(1 fgqgce%g gxﬁae{xltrg data along with

reso re aval ync a
the chaiges b&Syp Cetmdla@t This eliaynssahé fl@edtfbf:‘admptelrﬁm refqﬁléry the database in
conflict resolution when applying changes. |If
mostLasesi fj ed, conflicts may be passed on to the -85 WO
2005/ 024666 PCT/ US2004/ 024569 specified conflict
handl er and resol {#d (FhapggsApplicgrionConflicts can al so

be Io%ged It is possible that the adapter may detect
a W3R4] i changehppliceternliong Jvoc Adeptorsdo [2pplsilchanesn g@etvsd from their

back%rggtg*%ﬁ?iﬁ%ﬁdﬂ r%l ?ﬁ 1@1% aAg%&S‘%y e e%&%cﬁ?c? {oe&atnn%%mstfle changes to the

e con

storageplatfet schramorkig. g illosttdsithy/protdds dgdiiticlodtoraly platform API classes
Adapt ers may request that any conflicts detected by
are g?%ateéﬁﬁéhmﬁﬁfoi%ﬁelpéﬁ U AhEB2pe sent back to them for

@%@ﬂs' Thk }[)%ﬁh@afgﬁct rc;f'cﬁaﬁag% %%ﬂé&agpﬂ oSRoridlically Getect conflicts.

wher e I's C storing or
As iy uhs chseiaf ptaregd Platfon-tde B todam@ etfornmyyinerrecundlidt and 4B 2§ two

Whi | d " i i cat |
overlpping sFges bivs Tecr R wpr eauTete ol lkencifes, Mimagariggete Chanee
Appﬁdénbﬁfﬁh%ﬁ& Faﬁfysﬂl@ BAdHod W%ﬂ%%tp@ét th Whﬁfé}f @mflfot dSRESA is performed.

i nterfaces al nc Contr ol Aﬁp i cati ons to:
Change q\moéltcattqma’alst:mc igitiban @wequfapplng gqm thaoge that isaat covered by the

adap?e%’%?(ﬁ Ee%gé sde?ecgsd mﬁXrnt% g{agéég UmH ncg:ergl(% apq?{g %llar}]f%se either stored

sync |on recel ess r

or suﬁpl@é’cbaiﬁh@ge Oh@lﬁgli &p;ﬁi)ca@dih aippongeiiognsyeage 3f adapupéific meta-
[ 0308] The synchroni zation service strives to
data.j i may ke pitaohed by thedartehiodhe phapgereingywlied.tapd might be

storeg‘g??frlﬁ %#g@#}@ﬁﬁgﬁ&ﬂs&ylgé h?hesﬁa@a ﬁﬂ&t Bl‘: %tﬁﬁlreg]on %@%mﬁnéer@ﬁmeratlon

Wi
3) Conflict Resolution

[0306] The Conflict Resolution mechanisms described above (logging and automatic
resolution options) are available to sync adapters as well. 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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synchroni zation, existing rights are used.
Specifically, anyone who can read a data store Item
W@ ansemeser at e changes to that item anyone wWAGT/T82004/024569

wite to a data store Itemcan apply changes to that
item and anyone who can extend a data store Item can

specﬁswﬁ%ﬁhﬁ\{c?h ¢ MBI AAR ?15@5&41)1@“ TonfidEMn é&%ﬁhgé@&e It is possible
synchronization Service does not maintain Secure

that thetaiggtahhpy detéararehiliRowheWiesmminghaapsly iadodshdigangt to the backend. In
replica A béﬁuser,u and forwarded to replica B

h
suchragage, thradapiee maysEH gassihe Coriigiondp e hHagd uaims to b ?erd
srofpd B R4 LB DSRS0t by e

synchmadatidw sdriiee be lsérdbwaclgtol them tfatprocessing. &his éppargeulardy cotvenient in

trusied t ke, its anges to. an item it cannot
the chig SESTE 118 DB I aRaOt PG RBEOY o0 I AR he
synchroni zation service is initiated, it is done by a
Sync Control by ng Aﬂapkﬁqaﬁﬂaﬁmnﬂﬁwhsynchronization
service inpersonates the identity of the SCA and

pe[d30rs vihile soRREadhites’S aleRRhfly lapFiadatiynSunelii Q@b emY interfaces,
under that |dent|téé1To illustrate, observe that user

adaptgrs @6 epe>wegrs)to Zapkeepie sepdwd Adapiganterfagasn dheseadntsefaces allow

the | ocal achronj zat | [ [ S .
s B BB E Bl A B SHBy SRR oconsing
a giv@a 8ynd Btof@\ant«t af-gatpasachrénizdvionageblective progtidd ddporting

anitorin%$§ di stributed conmunity of replicas is a
(peressingr sXmpled 108170 ONBRIME §YRfchr oni zat i on service may use

a "sweep" algorithmto collect and distribute

i nfor madi on &BVWILY t he status of the replicas. The

properties of the sweep algorithm ensure that o
i n{0308ht iTha sasbienization sewiseisgiveat ngpiycgas little as possible into the

e

syncRESiAa€lbh, NG isting @ighRtdrOtiseld S Spedificallyai | abl e at every
replica. Monitoring tools can _be run at an )
ar bi t r aPRYOpReCHWs@R Ieasn datastors lisum pamamerade RRpmigetlo thef item;
i nfor mat j : e] i IS .
Configu%ggﬁgﬁﬂgﬁgﬁgeg@ﬁﬂ%?ﬁ%&&%%%éﬁc%?%%@%?&ﬁgg@?ﬁgﬁ1mngand
af # ect ednymplwinasin ettend RABIaAEtdDbMemFdah Bs®viBTeyinc meta-data with that
.. | NTEROPERABI LI TY [ 0313] As nentioned above, the
Mgt or age pl atform of the present invention is, in at

| egdoo] Same s?ﬁ@?ﬂi%ﬁh%ewi&ﬁ%@éj&ﬂ mhfntaR RERed\RdrsaH Afbrmation.

integral part of the hardware/software interface

Whesyasthengeois nsadeairpaplies Adysisent) apd formsazded|te replige Bs therfagjdhat the
s 5 s A RGP R R AR e . s
dondirfdeP B duthority, not that of A. This leads to the following limitation: if a replica is not
trusted to make its own changes to an item, it cannot forward changes made by others.

[0310] When the synchronization service is initiated, 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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Wndows fam |y of operating systens. In that capacity,
the storage platform APl becones a part of the
woep@sationg system APl s through which appli catiBET/US2004/024569

progranms interact with the operating system Thus,

the storage platform becones the rreans t hrough whi ch

D .
cannd} Euse‘%ﬁ‘én ié)%gl @{18%5 H)rltss%%(iettgrqr% S agg?sof?orh g%f;m ofe sjqrage
platfosmofbﬁganpﬂﬁt ﬁdedebﬁbﬁiaveeeaﬂe@b@@es the traditional

files system of such an operating system For exanple,

as enhpdi edvihnagdapilld cr osoft Wndows famly of
operating systenms, the storage platformm ght replace

thesiy F%Bhl't&ir%yasﬁl%ht@ﬂh of Replibatis Qﬁgﬁlﬁfei}(?ﬁ)blem. The
system Presen appl i cation = pr OGr ans access

synclhgemigatpassepfice hay BBEFS spicble” algarithm to lepbenghnd digtrifnte3pformation about

the st'A@gfné r%fl%%i 2’}(}1‘%:22%8%#“? ?tgtgc? sx&%em | %‘?n%@h’%? E‘)l?ﬁt) ?ﬂef%)%lilatlon about all

config @Bl aepiliogs i Reeldy dollbeted il 101 flling (hfierespdRiv@Yeeplicas are detected.
pl atform of the present invention would re%gl re

r dBHRI ngltes cammanityryidgmanitqsmegdaoraaiing is Mads avatablyra siery
rephc%e h e#rﬁf%}mg Lﬂ?chs Eﬁ'ﬁ%%ﬂ Gt %@%&BR‘%@ ?l‘?o%l:ﬁ ?#lhgzhto' dxa iR tﬂls%omtonng

ICla or t sto present
mformmM&ﬂatnd(maltemdnnm\strateveﬁtemmomslt ANy pem@]lrditldny:hmngds must be made
. Xi sé e -.87 WD 2005/ 024666 PCT/ US2004/ 024569
direc KPUESSNTES. In one enbodi nent of the

PrEes entTRﬂ]ﬁﬂON‘AL FheE sYSTEMUNTEROPRRA BIRIFYf Or m
enabl es application programs which rely on the Wn32

pf eﬁﬁm@&e sl abev@%%&%a éﬁl@tf&rﬁ%ﬁﬁé ?re@éargki’l?&%]egu&b%, in at least

ta store of the storage pl Ztformas we
sometmﬂo@dtmmﬂa linthiided t6 bt embedied anan Mitegrd ipertefithe Iahdware/software

inter gctaagsré% gtl(ﬁ Lol eru-ses a a%%g%ﬁg%ﬁg%aggglaitgm of the present

invertiBf imdyt Rt nRARA ds%%t@@ﬁf@a@d df a"n)bpeﬁlﬁh% Bpdtem ! u€h 8¢ B ABRrosoft
platform supports accessing files and directories

Windews rf@rdlly af epssatregystepisa it tbﬂmapwtmﬂlet wrég@miatf@ml P hBgromes a part

of the'fAbS)l (r;?tlt %3 g?tle%ny s sttlllrgg@ \gg.lﬁg %:p%l?cia% 819? z?xgs dﬂlmrg‘ct with the operating

systefmp Pthug,ahé Stosage ptafoparbatanestifie rehsy ruvgh ediidh plibationi programs
STORAGE PLATFORM API [0316] .The st orage pl

K. tform
store FRPERIOELTERC APTTAILTYSEHA 5111%@6&1&51 basst oA Hmdeg?féh% stpgpge platform
f
R R A BB RS b i LS 0.
emboidiedtih ¢hedsfi @ostfioWendosi fsmﬂp of meatniwysﬁehm stheg®rage platform might

enmbodj of a stora Plofth stqrage.. ..
replags B RORES Ble SYHEmprelsarei st PEHAI DAoL Bretafly fpticaion
progrhfils Scded el s@RAdek bY tHe AT XL feQYtEmi throubE the WiBREAPIs exposed by the
appl i cations incorporated by reference earlier herein,

Windaims Harsdyref eperetinigssysiensr mat i on  sunmari zed bel ow for
c Ctﬂgﬁ{]l eQecognlzmg, however, that completely replacing the NTFES 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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[0317] Referring to Fig. 18, a Contai nnent Folder is

an item which contains holding Relationships to other
woe@sm24nel i s the equi val ent of the conmon conPE€pUSD4/624569

file systemfolder. Each Itemis "contained" wthin

at | east one containnment folder. [0318] Fig. 19

systeh'} a%{?cth @‘1\?@5‘ g o?x@gté@gc?ir t t&%g%e%?lﬁzn\gﬁggrghﬁerrgﬁ% the storage

platf@mb a«hbteampph@men prapragewhicatélg R tREWikEesro §@kshihg Rlodel to access
900 t 1$é to the |ocal data store 302 and may al so
the ogaigntsof byt 0 810m of thatRregs plaskTn &S tallas Siegraatonal NTFS file
: t Y
s 1 s e 600 13800 16 L B RRoP BR BBl o
WinIDiasning botretiQuetofaditaweaspinteroperabiliguBinthidnght kerage platform

storage.platform.synchroni zati on servi
suppGROAREEE Bt Pl ST SPein s thrrg pipthem \p3ptiarrbueh the Win32
APL.acts as the bridge APl for data store notifications,

passing application's subscriptions to the
nol0315k aﬁdéﬁwétdgietﬂels serdingthiofinttanalityotan e deitridgn ¢he elated

e I|c | i,cation 350a, 350b, or
apphé%ﬁ)c ' Cogpoz% te(% 81%% 03%2%3\‘?{; ™1 one enbodi ment, the
storage pIatforntAPI 322 may al so define alimted
"provider" —architecture so that it can access data in
M Ky 0s P TORAGEIJABRARMDARIgS W0 2005/ 024666
PCT/ US2004/ 024569 1[80319] Fig. 20 schematically
r el9P&elentBe st alatfous conpissantAPIdhattenebles appligasion programs to

accesg ?% %\%lﬁqut%]ﬁglgnp%%e rt}t?és%rf?%estcgja?é alglg{f QUL elgcﬁg%gﬂb%]tfg\ﬁt&{ ‘htal?:gess items

stored é@pthesiatit stérbe Thisaeatim debaitfes bne ehbodnicntotd stdregﬂ Iﬁlytﬁ@‘q‘sn API of the
framewor k 2004, .which, . ma

runti
Storaé%g’]? fopre REthegrerent BYTen. Disiplsresading &‘é‘sfe E@Wallﬁ’n@n(b@)found in the
relaté@éﬂ%ﬁ%a;tgﬂg inc \rﬁgﬁgogzﬂgd 2‘{ ?egﬁﬁ%céﬁgl}%g@ﬁf@t\ﬁm]%%gf 318 fiformation
&mnhmvmdbchWVﬁWCGMGasag:result|ng froma glven schema

di Iy erar ch of t
SchEfl YRefmb TipnS, » CoRbiaie Pl ¥aRTepaei Bbeyaagholding

Relaﬂldhshﬁbg t&0MhePARéEs arfdCil eiPeqayafhOBthi Bofidn cdRdd fp@‘ija ﬁle&ystem folder.

21B. '[0321] Fig, 22 illustrates the runtine frameworKk
Eachj I'F?Hbﬁe cantpigad” Witbinay irastraneiconidmmsnk foldger at es as

I bi n

t OB B 14T RRE, SR EhE0 st Rt e e Pl G RR L in

accorﬂ@ﬁ)@b witle &ieQﬁe@ﬁt drhlﬁﬂﬁﬁéltte Khe @bjr@%tplzﬁﬂﬁﬁ KR trsesssgn@tleﬂ 1900 to talk
he bound itemand returns it to the application.

to th%locqtﬁﬂétaamqe 303end Hlaé’%ﬁ’?ﬂtsg Sl Zeat isoa k[ motsagaitores (e.c.
data $t8re3Ri0). aTﬁ@iolc Ghdr@ '30 gtafsg'stalktt(gI gtze i ﬁ%{&rﬁﬁdst&g k6 abih Rither DQp

I'S concept ual y an o graph
(Distribhitad @n&tﬁms@sso@ or tﬂnm@ribt iheatarage mhténges/ncldehehigom service

(“Sync rtsj dlesrc]nslger:& gboqrg.t The storage platform API 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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5. The application saves the changes by calling the

Update() nethod. [0322] Fig. 23 illustrates the
wex@srdieon of a "FindAl " operation. [0323] FiBCT/R82004/024569

illustrates the process by which storage platform API

cl asses are generated fromthe storage platform

TR, LORE bty b B Gl S RSP Seepraor
APL ITelstiigse Fatf@HEAPREhsist ofdigafol B indl dofnpohbrs: D) &a4 Slasses 2002,
Thi s nanmespace is called System Storage. Files. The

whicljeepresatrthesterage platerrs eleseatandiiteny ipesn (St pERe famesork 2004,

. direct| ' ' 0 :
sl Bl S 1 end M AT, AL QE ATl )l s, whin
are udetl @eNgéieRatt IR claysd omahy stolage platfory stienmseat ed

natively using the Wn32 AP|. The System Storage. Fil es
nd A3 a cEherierarciy of Flassss resultng dTorp A8 lysR Sﬁ%&ﬁ%ﬁ}){ fedfegts the
hiera%ié? Pg%?ﬁ/rﬁggtf schifs %scinaécﬁﬁﬁle?%sid@ tHeatksn fype! &Gined the Contacts

I'vined by |ooking at the schema diagramin
schenfd g sh%mn iFiFig R dranddingl 20Br ect oryl tem are read-only

fr he_.st e platform APl. In order to ify .

 HE R0 a2 e he Pt ook 15 Fbesh R il ftime framenvor
opera®%Ss goNdwa: - 89 WO 2005/ 024666 PCT/ US2004/ 024569

[0325] In regard to APIs, a g@ogr anm ng_ interface_ (or

nol- e Agii appligation 3683 Bael)or Fajc biady focandipnain the ytorage platform.

mechani sm process, protocol for enabling one or nore

segnihe (einewbricHd aretescortami( e obiett2 207 catespoydingdo the bound

functi onal,i tt%{]a{gr ovi ded li)lx%{one or nore other segnent(s)

of cUed and Fetprs ALPiRRPICaion, o o anmi ng i nt er f ace nay

be viewed as .one_or, .e . mechani sn(s),. net hod .
{ Uhe TP PRI GRS oS 160 65 hg BpRLbit et Sgfecton of Tiems; the
conp Fﬁﬁ@ﬁ‘kd Pbl1RLSY S BMEGARAR! 8 oBfect SAPH QQ@@{d‘(\jl% € relationships).

coupling to one or nore nmechanisnm(s), nethod(s),

fupctd,o QP}‘{lg‘;ajfi&?%}éanggs? Hglg{ei)gand qﬁéért? Qhta Ot her

corponen m "segnment of code" in the

"ic: Ateepnats UEnd R HE Sl g B ERB ol ™

| ..obj ects, br.out | : ti : d
o0yt s Rssies e eRRo LD gplt B Mot her
t hg3snderiseIBRESatdd Be pERRS B Whikh e@MaYe pRiforarA Mheishey are
the code segnents are provided as source,

generatedefrore dicatteragoplatiomp Sehemode, whet her the code

S ts.ar i ]I i r i e e ’
or R, 23 Mtk £l sl AR (RIS RDA REE RS porage
platféraC APDERIudles 8hathedphcd fofl dedingseitinfiletobjrcts. Mhis hamespacois called

whet her the functionality represented by t{he segnents
Systegt-Stasers-Files. Thaslatmmambersf die gjasses m?@?@ﬁ@ﬂ%ﬁﬁ?q @rqcrl.y reflect
i i i fil
e SRS A SOl bR 0 i hipicr o e e
systexti éhjedds gemey be atehtgd nasvedyosing the WHi3g. API0Ahe Sy$teq. Staape. Files
ustr terface erfaclgal a

nameglg%&}}?égﬁyéﬁlp SR aﬁ?e@%f? ?1?4 @{rectory teml. nll;he members 8PthSse 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.IO.
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and second code segnents conmmuni cate. Fig. 30B

illustrates an interface as conprising interface
webjsors6dl and 12 (which nmay or nay not be paprtT/O820041824569

first and second code segnents), which enable first

and second code segnents of a systemto communi cate

IS MR 1R Pl ipednrtecr GerSpuPRY, imerface) may be
viewdd ek 3eRBaiém! HBcHa PRoBYSI B naBhAy OCorAYre3k&Aent(s) of code to
consi der that objects 11 and 12 plus nedi um M conpri se
comnmuacatewith foaaecess the funstighality g@wd&dhym OBWRBIepiBey segment(s) of code.
Alter?z%tlv% }J' Sg& r%%}ﬂ nn];%_rgl}[grﬁ@éj{nap%g kse@\ﬁegsas %H‘f Slalﬁg{le‘;ihgc%aﬁifsmt(ﬁ,emethod(s),

functidﬁfdaﬂ(ﬁwmétlulé(b)o Ub]bdft(sl)MC difﬁeﬁfnlpeﬁlerft of a Bystdnn tgrabht df@edmmunicative
. flow as described bel o e an_ interface

coupléqgg ©ane R n‘@ﬁ%mgp}aa@lsng@ Wog{s)e@gﬁmnéaﬁééﬁao%q(s) etc. of other

t
comp:ohéﬁggs?a”%}%r’[ r'&ﬁples;egﬁlgnt A ogi’l 1?}?9& h{‘é@é xg‘seﬁfeﬁlg% tﬁrﬂgﬂﬁﬁ&d to include one
or maxa msmwmm or ﬂlammfe:opcz,cmé duoledesad. g, ccahdmﬁm&qso@ia extts, subroutlnes

fn ST T o P i BESTRAS 355 M D s

separARECInPpiRl, Stufibtiter PHOGI8 RBIAhtd fre PEG VAR AFBYulcBGhtédiBediate, or
t he net'’hod whereby the first code segnent transmts

objec pddsy Wﬁ@ﬁh@hth@ Wihde segmients aramitlized in § smbisecbypigm; Qrgrocess, or whether
t dy
they %r{eg et% Or&tﬁggaglé%%n dff‘eﬂ%‘éerﬂg%ﬁrﬁegﬁo:r %istx%ﬁm%@’c{}gg‘s(g %ﬂéﬁ% %ﬁa%hmes or

whetlﬁd?rehe ﬁl%tld&@h%&%{e@éiﬂﬁﬂ@ ﬂB@Eégﬁé&ﬁ@éﬂ b4 afEImpianainet wb@l@ in
segnent. receives the inforpmati and the structure,

softwwq R n Bydwase; o BN, ar%ﬁ% L softWarhg and
uﬂge t _Ngtlérﬂﬂ ) ;i;{; Efmngiéxlﬂg intbifade fyﬁeeﬂ%gd éﬂ%ﬁcally, as shown in

r ylngtras itse nlnrportan
Fig. 300\ vheigopeB.dtig. 30 Aaflusthetesi amtle’teffaosa]}ntanfaet haxa ¢dndurtréltough which first
be wired or wreless, or_.a ination.of both, as .. .
and PG <aE ST BRI Tie BB B4 ST FstEFising interface
obJec@selfl' 4892 Pwhich Sndy'Hr %{Jyadb@ be phxt 6£MbFrt afll tséb'éhﬁ @B& segments), which
i nformation may not be passed in one or
enablaufrrmd@n@mdmodﬁ@gwmseﬁtau systein te eﬂ@élun@gtetm@medlum M. In the view of

Fig. %g%%tgrﬁm lntéa%%ggglger 1Ptﬁ&8?e clscg ﬁIlS tglgg (r%s Xéﬁ%ra"f‘eg%%epﬁces ?f tPe same system
and cﬁ% Qnay&ﬂ@ﬁdo&t;lﬂelf theyobjéthOr Nt iID plus |n@é&11bﬁlM\6@ﬁpr1§dtﬁe ﬁ@&@ce
ment sééor non- exi stent, as when one code seg

Althagg igs. 304 aad d9B shew bi-diastions! flgye amfbmﬁeé@capnaeagéé&%@f the flow,
certaﬁﬂ%%l%?&{fﬁ%s ¥n ha@le ln'txfgf-r{l{it{b?lsf?ov@ﬁp&& re CP ¢ no information
I nportan i VEN ua on

In-a I on .g., depen
flow uhé¢sotibed hedowpelemaegiip htree a’rmtqnﬁcé obgéctamsvpstsﬁm By \aay of example,
coupled  or tightly coupled confi i on,

| o I
and ngf o S SR A AR LR SRS [USPEALATR: Sy Pomt, method,

functt sutlrbiidel Rehotd Pr3é&urd BA1E aﬁ&)%rﬁﬁoﬂéﬁt &b Bt QEHRMU M) interface, are
inferface i's known to thosSe skilled in"the art and” is

encompawed within thh defitieyof prpaianaingidtedssri ption of the
: Ir_:[x)sg‘he {&s%acgeoggpc r . ro%x%ﬁ%ﬁ@%#rétglggce m%y %ulﬁlfie %he method whereby the
first @6RI8SEENM teNGhitdREorniaies ewh@o “femialib&nideded 1@ its broadest sense and

includes data, commands, requests, etc.) to the second code segment; the method whereby the
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be enconpassed by the clains set forth at the end of

this specification. Such other ways may appear to be
woRes/0swphi sti cated or conpl ex than the sinpliBCT/TS200€024569

of Figs. 30A and 30B, but they nonetheless performa

simlar function to acconplish the sane overal

seoofd e bty R iR o R BB ey, ma, oranizaton
scherR,AFhRABTEHhA ot BT tiRcia forindBa® In Ha g tephidN the uBderlying transport medium
conmuni cation fromone code segnent to anot her may

1tse1fanmlmommmne@antrﬁ@theexppra}wnyf e driRifeas, Wh@thérotﬁﬁﬁrﬂdﬁam be ered or

winlf, B FUMBAE (b SBEF L GRTIAR LS iy i s e
defing@ B? theinesfase 6 ca®din bituatides diifoheglionmdyeiotbe phssed in one or both
divisible sets of functi ona |ty Thus, the interface

directigptinjthhegnventioel ssnge as thegplosmatiah sty MY YeLither W apggher
meclﬁﬁﬁ ﬂ\ﬁ}% Iﬁ%}gﬁfgﬁ 6;1%\%/? id a bhfféi ﬁ%;ett@ :’b‘r;é}ggﬁbzé ftrolnrlrénfgrlltl?tlr(r)gsﬂow between
the cade s%gnmnt:*.} ogphon-exastent) awhanam@d:odﬁ sdgimgnt Smply adeesses functionality
functi on rOV|ded by interface.lnterface 1 be . .
perfCgiiGPY BRI GOUO RS- A BbAEH RS bG B PRinpirant n a given
s1tua’[15‘ﬁ %r% AfPehdh©ofWhbihet BeicBiEichalrRES afd“';%a@f $fLHBm in a loosely coupled

Intertace 113, interface 1C, etc, e achieving the
or tightliveonpled penfignsation) anst sosthisdist shopidghe congidened dllysirabyq g non-
tﬁ§$V|ded by interface Il may be subdivided into
tiple interfaces Ila, Ilb, Ilc, etc. while
acju3es] nThishetiswora pegtdnimingiintetfadcd iy knowit ar thaseskil®ed iafthe art and
t he second cade se%nEnt whi ch recei ves informatj

n
is clear fm the fqpgang defaideddsgrrRHon A yhayigvergion\\FIore s b other ways

t
oA A AP L AL o B L LG8 e
be ercotpaisad g tha almhud;etlfowhtah thelead 0§ thicspdei fisatypre Sticinether ways may
not match t er of jnterfaces i.ncluded \wi.th e
appeBiia HEGE SREIELEd o ol g o HEPLASEoB ot g 208 k208, but
they ADRktRetEbs p%ff@mfl WREHTTRFRhctRRItS hdcoRiplisiMiRIshiAE @Ferall result. We will now
Interfacel and I'1 remain the sane as with Figs. 30A
bnefan@bs@@lﬁ someesifusitdtive lalferntiee lﬁmrmntaﬁ@n@pf a progegnmnggnterface.

e REE Fhgbh BSSRRLBN it SR PhL Gl RO be

accoﬁl@h%efdflh&i%cﬂy'b? &Whé Eomim@hichtiGi mf&mult@ﬂéi@l%dret@ cOfnmunlcatlons
oper ati ons iy uni ortant and consequent |

Thxsmﬁmﬂ%se@ama {elydn e g5y S aph b3 A dhomy Safee ggrficetoan be

descrolgéq %ﬁéljmé dt gift g}é%nsgg o‘ffﬁlﬁc?iG{i ngn.tlEe tﬂerlhﬁfi%@é:ﬁnct@%lahg/ of Figs.
er piece or 1n ace or pertorned

30A 280 aOBtneaydmfﬂﬁD&ﬁtto athitvecths yzﬁh@msult\/t}use @y eng man mad‘fematlcally

prov{dsed prEHERR e Y e Dy G0 RS 1 TG ot el finction
provf&ég (‘E)?r IR e Ilm%rf‘at!@lt maf Bb §1Y&11\HH&1 toRBAPert @8 ebimun®386hs of the

inition: In sone” cases, it may be possible to
interfaga dute mwtiple mltenfweﬁntﬂtéaceéér hmrfacaéﬁehﬁ@fi(cé 1§, etc. while achieving the

sam @é@lmet e]ilﬂ%t eq W‘ﬁg %ﬂ{Ba%e@gcft ogltﬂe§$18ﬁcﬁ?y 1nkerFace 'ﬂ lnay be subdivided
into hiu'ltiiﬁ& [rdrefed NalFl10ST1c3e6, Whitk ARvidpGhe mﬂt SAmENE interface 12

i nterface
of the second code segment which receives information from the first code segment may be
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Interface) of Fig. 30A includes a function cal
Square(i nput, precision, output), a call that
WO p@bogsse t hr ee paraneters, input, precision aPdI/uS2004/024569
out put, and which is issued fromthe 1st Code Segnent
to the 2nd Code Segnent. |f the niddle paraneter
r ¢
factogeﬁg%)%ﬁﬂﬂeggtggfﬁ%? Ilfzg T%lg &?cd ej{bu g&{}%h\f?&oxinff @%aifdnﬁooerr gglnterfaces
incluéadewith el 1ac e@ﬂevu?egﬂnem needraaimmatch 'Ehemu(nbﬁr bhnﬁerﬂcématludmb with the

2nd qqgerz 2%@ R e1thg|$|th% 3 oseq%g;‘ggs g}g I@tal}]gt tl?LS ﬁ‘%%[[lsgﬁgg{m %f interfaces
Interﬁgyl%ﬁ 183Bm B (RS MY 80witS Pigk OT00\ ARl T, Pey eétﬁref}ﬁtﬂﬁé PREbring of

ter input 1s squared by the second cod segrent
mteriﬁc@cma.y aso fm}pwasgcmtedel cdpemutatieea and gthat mafhematiedl @ropegies such that

t
the T R B st bize D gt prd el ap iR mrghe
un1m¥>§rt£ﬁ?t anldQPASHAEMIY, @furldiBn Batie@ Wby APBerAte Gl GElcadiedut well in
he square, it nmay be replaced or ignored. For

adva@qcarfpba@hmgrtb@ m@f@ﬁ, yaanstheg pigce af Gode oF Bderdacsnonpgeriganedby a

ond ST LB Fhg s it o

appreéeidavhat mlefel zge a&ﬁﬁetylolﬁmyi afaakiig differap fiaeeidn bylls that achieve the
interface I1', redefined to ignore or add paraneters
ametréslt‘he interface. Interface 12 may simlarly be
§§0 neﬂe(ﬁﬁinﬁtmne rIB@Gﬁe Lses, if R9eHE g@é&lnblé ® 1'g96‘1‘3r§dd or redefine

un ssary paraieters, or paraneters that
certafar ampecgs €. chzambtersg of & pmgpanmnmg ihterface \shllermﬂl acnompm}nng the

eGSR BRI LS T L LU SRS e

Interﬁgf ?O%& ZEPRRs a TR BRI SRS fpﬁiE pi&ﬁ@i‘orp WiBRBEa call that

hey may be ignored or rede processed
1nc1Uéb$’réW¢qwaeanlej¢rsomp@tg pIsoisispgiad oufpg 34 W|hhqh| iB @sqgghﬁrwg thq }st Code

s b3 0nR B E SR, LR A R idl b e v

scendrfif as kigval i&qug 3R tivean jultemwaliaedgsortd brevehaeplaced with a
exanpl e, the functionali té of Figs. 30A gnd 3agB may be
meam@&i@%@r(tréﬂ}lst iugtien) paretanane mpy aiso pgan adggan ﬁaragt?@f ofno
Wi L tput is returned
concé'gﬁ I {eﬂg}rlrgéﬁ%ﬁ% til?ﬁ.@cﬁonaggﬁbfastﬂgﬁe %e&?g% &ﬁenvt]cg sao‘e‘lﬁﬁi%l 208litput is returne
after @it & soum@d bgtthe sﬁcon(hemie skgmeiti Breciame n_layhery: wel be a meamngful

e TR b o TR A TR, ere
reco%ﬁﬁe% tP%r%@}QBS id bt tn@@esﬂrﬁ %r%é@ﬂf&v@?uﬂbéﬁof chRhlating the square, it

ormal Call and Return statenents may no
may be mg:éaceb or rmoesks Emyexanmﬂe aisthafl of pgﬂsmg@S\gﬂhﬁg)rmswn value, a

spon rs t rface, | I
meagE s Gt ot ABE eqel PP ASROURE o goch fHtenpg the resule.
Simif#fy, M dhowel iniFig B2BaERerfade 11 RiFepiagkd b3UBteRaye he redﬂ?ﬂrfetl@dﬂlgnore or
inine into interface |1 to forminterface |1

add pararusﬂersato skt infeifage-flateefagel2imayinilady be Fﬁdéﬁll%daas 18Wéfa°e 12?, redefined
| 2Dh, it

o F 0 £ A o poi

here GOHET mtseme)camslamrogmmmmgmt&rfmt ntdgaendlndeaspacts stidh ismmameters, that
Fig. 30B perfornms a function cal
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square (input, output), which is received by interface
12, which after processing the value passed wth

WO pan2466®© square it) by the second code segnePtT/US2004/024569
passes back the squared result with output. In such a
case, the processing perforned by the second code

S n uar i i n can b erf t he :
are b PO S S SRR Gt R T e 1Bered Rbredmated; Giarocessed
else ¥ Rir o@[eygﬁg)@s%sA communi I(:at Iqog fr gm oneI coge Eegmlint
h t
t o@aggfn&mgﬁggmeg |12§J<%}9 plfog @eaélbihnbg;;‘ée sglme Zr allr gfgthcle ?Enctlonahty
or oA 03y vl RS EOSTRGShl el B, For

exarr@il@ cled Sincti@fality sREigNa04 D308 Ym‘@ Hdﬁo@iﬁf&@&ﬁ(ﬁﬂe fudtidRlity of Figs.
di vorce functjonality and / or interface

33 i L1 GRS RS g g NP HSeIet eRcbdni adepiesurents @t Fig. 30A are

mergefl i8R du)é EtRARTRIE AARIs L, iHeicOhe SRR st be

commnnit#ting widls eathutherfoat&\s mtartfmefma}elﬁaﬁadapiedtt@ n ffarae®RBich idmore
re there is

suita 6 et imople TRt T sRmelg: RoRel GG aterments may no

long&HFNEBEsEAY EbWstrRilarHRdoes fﬁﬁ’lhé{g) pi¥§ifaBol ifterface Interfacel may
accordance with an Interface rotocol, but then the

still bﬂd@rﬁéﬁeptn §1131§'Q§iYe ghgven mfﬁlgg@@ P@ﬂ (xsrealla oflintéréace iz from Flg 30B may be

wntt?rp {n% ! g@g irgerl%a :l 12 go(r:rx?l;iggg'%ce fg%g uﬁ{;’etltg flat%%cet Iﬁ ds divided into 12a

and 10b] gidriaderfacy gorfia a Has BQerh}dedDﬁl Bihy {00 i@ er$RETE R fdr® interface 117,
changed such that it is no | onger co atlble with the

For 5 qongiefeae@mpl éansider fhat thedptegdaerel | 30Brmeriggmam function call

saualcThERPRULALY g S%S%%Q%@%*%W’b%‘%% ¥ cgin the vl ps

with mmrpetb isphaze itpbyrttieasetond cade sdpmwamt,ipasdes ackIuBsquarddiesudt with output.
de segnent can be |ntrgy ced wifth _ divorce interfac

In supi 3 C15, (B GETSFEn b HBoTASTAEINY 3 196974 9906, FReRE Jekng IpuL) can be
perfo%edwﬁb ﬁﬂsvwde%eglﬁ&rﬁ%%ﬁt ;Péa% foQnd indeREL the :
intertace functionality to, for exanple, interfaces
12933%d Dwrce: e‘lslegmgmm.tatlm frmmrdnewpdmsdgmnt towrnother may be

scooBpB¥ic ndi LY B Bkt the B omiiEttiiinid B ile ficorta o fifimications

This &f ddpisi&@ dche@stidallyan Flgl 24K afd YIB.30Fhbo@nan FEW3AREHR driifore piece(s)
system while providing the sane or simlar functi onal

of mxdébelware G?lmetgsﬁntp&fm&)i siigpe thest dizerse fectipealdy Bré/ erdnieraee functions
from. tﬁ 619 1931%@1;% nc réﬁﬁs\é\{d% & {oﬁger? ﬂ%ec‘l,?gr&)nurgfag é)ﬁ%ﬁlg mv%h%llr%thmterface,

aC e sonet
Interﬁchi eny esfvhe t}&ﬁmb aoddﬁ’emht inter8ellih thlEO:Ise éxcarfpdes Intbifgoe@ A,

ST Pt (st AL SRS o
apph@‘&‘tfo%@ggﬁ nelt6 cominfmlafW A8 daf, And éféﬁh% L{\ickh EEFa&B}lece with an

l'eror interpreter iI'n an executfon environnment
Inter(asmhprowot fhat then the aperhtipg system Ne¢chahgethtewse k diffdrent Jaterface, in this

s AT D 0 Bl 0 Tl MBS e

used b9 tEYNANTER degnfeanié@hin C?eh QuaHOMBLiN{sGR! 108k cbmPB1E §ithShe interface
Code Segnent to the 2n
used by the 1st Code Segment, and so an intermediary is used to make the old and new interfaces
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Code Segnent, i.e., to conformthemto a different
interface as may be required by the 2nd Code Segnent

W@ edosloetses he original or a different 2nd Code BeEDIS2U3/024569
This is depicted in Figs. 35A and 35B. As can be seen
in Fig. 35A, this approach is simlar to the Divorce

scenat.i o, descr i bed t he d
compgper e P En R IR, A iR selmeoR bsdnfoused witn
divort@intEAGBWII €RfeBeiv thHe o@ﬁln@.ﬂﬁfaﬁbhs’lﬂofm{ﬁﬂeﬁmd In aad edthddnsee interface

with an Interface 1 protocol, but then the operatlng
DI2 tg yrensamif the lnmfﬁ@ee@mt:f@nah@ tg, ior pxapRiptinicHpesse and Bheredesigned to

wvork BB B S e 1 SR g v

togetidRpd traddlato s ﬁlﬁcttdmelmyewnhtaxtheﬁ Acand BfoftFhe 30Bab atiewgperating
system As_depicted in Fj 35B, .this approach of
SYSte@yWQHF praviding Hgsape of SEHET fynghenal 5sults) may be appl i ed
it ﬂ?ﬁe%’%]grﬁ&;%tlﬁ% f‘@métltaﬁl{i’eh[elg;gosﬂ})ibexfa‘{’faﬁﬁs & &Rfanti®ly rewrite the code to

_ _ It should al so bé noted
replatatht interfacatfonaiodektywihespnething elso butfwiricla a¢hiiesies thy sae overall
sS4 BB A LR BB oo
languﬁgé (eaé IN(icAREH AL, TaRa BHetlode) etc. Pis pt\b\tlﬂecpﬁafhelﬁlstl-lﬁt"ﬁméqm gompiler or
Thus, the altefnative embodinents presented
lntermb‘t@x/m arexepiionrany eihgnt dsuch @s tha praveleby t f(fé’alework the Java
mat ched
runtifff LORTRC o SR by b RIAHE Bt céf,%Zrﬂo JIT compiler may be
ertteﬁf RSBNG dﬁndﬂﬁcﬂlbgsonveﬁ(ﬂ%& @nth30&itiohs friom tht $t CraleSdgment to the 2nd

hat, as with st constructs,. there are

CodeReREiknt s Fesorory SoBr0 2 PR OR G ETALS Sarie b 1eghrd o the 2nd Code
d in Figs. 35A and

sean0SIOE ool o RS eSSV TREL Uit i 354

35B. tAseas pe sedn iafie. SSAp thindpprdeehiinsionlai torthe Dieorce $qen¢rs> described

not ed .- 94 WD 2005/.024666 S2004/ Q24569 th
abovint e be GAR% Y CHEETT R e IRAPRE T PR AROm AHhyetes i
comrhilfcREUARLAIPEHBE Sysrh tn SBRIaREL With an Bfterfited fr8@€ol, but then the
that underliée the value of an interface. II1.

opermsme@xsmn@ed tHERIa Tafiaent ioggage. Ahe &ﬁq@a@péﬁa@}ﬂd be used to

confqr{ne e%t of umc f 819 X nitglp?lg: fr{]})\ﬁgg{e {}al'le%l %1'3? Hc%ﬁ&%tt{) g{% rR—:tw interface

of thé. ratﬁ@ dy@t&n@ Bselepistadiih Fig GOB] this apprasch of émamically rewntmg the
behavi ors, and _ operatiaqns_descri a schema_a

interiage(sk mayibe gprlicd t, RV RARIF R B Fohear o1 @qﬁeﬁ‘vlé%/ pligr éh%%f@ﬁ?(sw well.
SL@ 5?]6 Ii! sﬁgulgi Lz{tgﬁtb)é RbRY that A db%%‘ ldé§c¥1be@%nhﬁbsvt%f 4 @¥ing the

ment's e present I nvention,
samel‘tﬁrsdnﬂz{reéﬁﬂ)ﬂ‘ dswamrinteifadeevid aktcarn&mtembo@mmmmaf also be combined in

convenlenc shal | er to as "WhFS" .
variop W@yH. SERU AL BB PPale of Wil et WRTESPIRH P i Py atiornative
embc(cﬁﬁgnt's &)?@%ﬁ%@ 859ve G n Qi 8mEN I BN fhsive Sha thay BetBiRsd, Mdeched and

tensions provide additional data structures

comt(lﬁmbqoemod@s theResinzet drequivalsst sce@qn,oS)to the egheriasppnasicis prosapted in Figs.
304 R 0 1Y RSOt 50 % pR R L oo Rt b QU Ribctl BEHARE Giner similar

wayd df.dehRvin@)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
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and 11.F.3), while the storage platformis intended to
be provided with an initial set of schemas, in at
wo e@si2ee6re enbodi ments the storage pl atform aP¢DWS2004/024569
custoners, including i ndependent software vendor
(I1SVs), to create new schemas (i.e., new |ltem and

that @St %SE}!{)@W[}E ﬂlﬂ&ﬁ)%)illty% Q&ntea%y, %ﬁg@gt@ X@@an@ar e«g\fssl%ﬁﬁits enabled by,

El ement type defined by t e lnitra of ora

an infsirfreé ratisdshléaths valy of aintekaet | y mat ch an ISV
application's need, it is necessary to allow ISVs to
custorn'zethetype. This is allowed wth the notion

II1. of ERIENSIONS ANDINHERITANCE Strongly typed instances
but (a) they cannot exist independently and (b) they

MUEpB3SEe Atfoash@iendl@oAdept SBRE BresdR 3w ti&h %”iﬁ@ﬁtlhzaﬁ‘l)ﬁ 8f Items that,
in addition to addressing the need for schemma

toa C@ﬁﬁ’é‘r@ﬁ"%&l medel reaktverldiapplicatipr objosts Wil comtpdek stoictures, behaviors, and
operﬁ%gg gés%nbg&ﬂﬁ % ﬁéﬁ’e agcl?lg geé?olg egst}y otgﬁﬂﬁ—giyahe %o%hvgﬂepﬁgef{ace system. To

provid rich jphiie typhigefuint idiéty) indinerarie fPémBodinibhty BE e present invention, a
an use Ext enS| ons as a way . to nodel

hafd%gfp ﬁPé}ﬂﬁﬁl’qggt%f fReSYSIeEt @Eds fqreogvenignceoke Hahltsnﬁﬁv i tp as

el O e, SEGHL QIR g o v e

usingoihséenstons fivEXtEnHons nrmaw&da&may pata stysdrenes (Prppartieke Remtionships,
ani sm f or def nin tructures of data. The type
mc)g%§?%ﬁ¥e§sﬁ§%%mP%yPgﬁ fit data stored in WnFS. A

Bt ms Tevidhel! ddcashel Rein S8R disfuddb il
sc[ﬁ R P T 28015% R e oznsszfé’ggnsnm(a)

and Ihgﬁés\pla}pethmﬁo&geg)@tfpgg 1agltq1dbd)g) lesaproyided p/iitlhgmflm:tlabsds ef schemas,
v B0 A WS R PR M ncpnten

softw% vendtk @SVh)a rgtrege newithemds {é., Mevghemuse mgte&(M}ement types). Since
ormat. The following js an exanple of a possible

an Ty PR NEE A TN Do e amf aletof sysgaplalionn schemas may
not eﬁcﬂ&%%ch ISV gjfph‘é%dﬂqé hdeansg 1@4&8{%21330 allbP 388k 1 R fRnize the type.
or ype versi oni ng.

Schemas al so serve as a unit
This \gjalipSedefithrtbs nstmszdlxtersmt @ntm:sit&ﬂmﬁe itmglyhppﬁcﬁhﬁta@ces but (a)

T
Also,liRQlditi¥R ?@add?eéﬁ% tRY/5de8 Tor RREA Qﬁe@ﬂﬁh%%eﬁ&@ﬂ?argvaﬁgSr\’ntended to

scyena namespace t hat decl ares al primt
addregg Fnuki-typings issnest Iﬁencs;ymtseme e[nﬂ@@g]len't‘s; elw gi6i3ge y]pﬁorm may not

es a set of si
worn YSRGS & Bt TR Rl B iy EfSiens s o vay
to mofder oarlappihh eypetiyp@tes (&4 EDYE MRt IAIDeRY I RMHoCIRRRE’ as well a
es are declared in the schem nanespace

SecuS%/‘g @8t dr age. WNnFS. The fol | owing tabl e defines

A. TYPE SYSTEM

[0337] In various 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 WinFS. A WinFS type is declared in a WinFS schema. A WinFS schema defines a
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the set of primtive types. WnFS Managed CLR Type

Description Type SQ. Type String Sgl String String
w/arsabiees | engt h Uni code data with a maxi num PENYsW00624569

| ength of 27231 characters. Length can be fixed from1l

- 4000 characters or unconstrained using the "max"

keywor d Bi nary. Sgi Bi nar. te ri abl.e-l engt
nameR e PSP O BB RRITE et AL BPES BHGURS o IS gshema
elemehisl AFinFSERGbRaE ARy BE dedlaré@dsihp @WihFS $06Ha Dyfisiiodanguage (SDL)

unconstrai ned wusing the "max" keyword. Bool ean

that néghtBse pe XM BsoMEaN folloyting issgoixemplo ] almssigl)@tSQhema declaration:
Sql Byte Byte A singe unsigned byte Intl1l6 Sgllntl6
Int16 Integer data from-2115 (-32,768) through 2715
- 1 (3ZSékeh)a NhmbspacSABysitd Btémgd2> | nt eger (whol e
nunber) data_ from-2731 (- 2,147, 483,648) through
2731-1 (¥pedefinionse47) . I nt64 Sqgl I nt64 |nt64 Integer
(whol e gry data from-2763 (- -96 WO 2005/ 024666
PCT/ US2004/ 024569 9223372036854775808) t hrough 2763-1
(9223372036854775807). Single Sgi Single Single

Fl oat | | Si nb dat a. -1. 79E. 0
C B8 n PSS e R et s LA =T VR B gfines soveral
systerﬁi rsglgé'nﬁs‘?ﬂat baoRep thdlsfstémhOnhess aftlhe Sg&ﬁ.ﬁ&ﬁ%&l@ﬁelﬁa 48fEespace that

. Deci mal Sgl Deci mal Deci nal cimal has a .
containg thyelyp¢ delerationspd thevent (gpes infeesytem, appere Systephtorage. Wink's

schen%f r?arn?esf) .'Qc% tﬁa{t%%ciﬂ%f;eg 2| itl%e &%Mg sgaﬁarq.&qgé.stiﬁ t}%r&‘}steﬁ‘ﬁ: ale is

[0339] TheWinFS type system declares a set of simple scalar types. These types are
used as the most primitive building block for all 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 Managed 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 2*32 bytes. Length can be
fixed from 1 — 8000 bytes or unconstrained
using the “max” keyword.

Boolean SqlBoolean Boolean Null-able Boolean value

Byte SqlByte Byte A singe unsigned byte

Int16 Sqlint16 Int16 Integer data from -2"15 (-32,768) through 2*15
- 1(32,767).

Int32 Sqilnt32 Int32 Integer (whole number) data from -2731 (-

2,147,483,648) through 2431 - 1
(2,147,483,647).

Int64 Sqlint64 Int64 Integer (whole number) data from -2°63 (-
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Dat eTi me Sqgl DateTi ne DateTine Date and tinme data from

January 1, 1753, through Decenber 31, 9999, with an
wae@anarys of three-hundredths of a second, orPGI/BS2004/024569

mlliseconds. Guid Sql Guid Guid A globally unique

identifier (QU D). Xm Sgl Xm Reader Xml Reader For

Ml estope B, WnFS;Xm wi || b NG A

type. Tiue XM. dat at ype supp%g %?%%g %ggﬁﬁfgogsithﬁogghz 63-1
_—mlestohe C_ Stream TBD TBD r$ }Q ggp \ that is

Singlgj ng | PelSigleam |Saded st|dilerj@smiroisen nunkssdata from -1.79E +
access. | This type Wll be sup@8ikredgh h7% ire¥8one C.

Doybd8401 ASyiDoRBlee nud@laambleon i|Fleatmgalravisidnypenbdratata from -3.40E +
decl arep a set of naned congt3gnhmugkaldoBd- 38 val ue

Dedithal - ANSEMEEREAT | ODEHRE CATROIDAERA! Hab a B eV range then CLR
where a| scal ar type can be ghailiesL 1s an exanple

YS!
for an pnunerati onjdecl arati : i \ =" . .
Gender"| > <val ue Name=" Mal eﬁﬁfhf 0! ?ﬁ%&ﬁ%?ﬁg’%ﬁ 2e8,d1g1ts and

X scalg is Q. .
/> </ Ehuneration>|The val ugscof st%e enunerati on are
zero hased. | thetexaml e gdbove Cender Mle

DatgBigtees e nbeDafediige ¢ Rt imen d dateanhiiae f¥a fose fanganyal, 153,
1. [034[L1 A conplex type is |deongeBeegmber 34nP99nwith an accuracy
set of properties. (A Proper t|yfithreethundzedibs off 4 scdndyfor 3.33

. the type, and is defined by |anitlzeeorslsd a type. The

Guilype of | 8qIou@per Ly |@andbe 414 Bobalhyatighic KeAGhAJGUID),

mapped to

Lo

XmFhuleral g RR&der QX IR ESderY ;F&’!t\)ﬁl%sfo‘{@% : wille
that cap be used -97 WO 2005 @ 5] X aa% e6s%pportis
echinsngli? t&%‘?ﬁ e

| e
eXne

as type|l of a Propenty is cal
j nested-tyvpe-c4
Stregm 5 prbpEPty of a|dgHpl ex 1 YRS thah Sy usHigdle stream
nest ed : pgsdor gificienhagress. ed
Jisiypy pell be proparted srmiestone C.

ithin an instance of
type is|declared uging the
Here are sone exanples of valid type declarations:
<Nest edT . =" Addr ess" BaseType=" stem
sclpafle RTilBeEistbos 1S apabp ey hidiselisdrgegbnamed constants
called ¥R@ e s AR edubd Pion Py FeScan$eQised in any place where a scalar type can be -

used. Here is an example for an enumeration declaration:

<Enumeration Name="Gender" >
<Value Name="Male" />
<Value Name="Female" />

</Enumeration>

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 is a
member field of the type, and is defined by a name and a type. 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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Nul | abl e="fal se" /> <Property Name="City" Type="
WnFS. String" Size="256" Nullable="false" />

WORspateby Nane="St at e” Type=" WnFS. String" SPrESRH6024569
Nul | abl e="fal se" /> <Property Name="Country"
Type="WnFSString" Size="256" Nullable="false" />

o g P IR AT GRS B LR Oy v
value bY REPFOPM P aSbfriphe WhiESFpe S e inbuhdedbhested withia an/igstance of a
<Property Name="Age" Type="W nFS. | nt 32"
compiqy] typds Aeested) type is %@flg{?ﬂtugmgﬁhq Nestestlyjpe selipma element. Here are some
= N ='W nFS. Bi nary" Si ze="max"/>
examﬁ%rggg‘éﬂd;@ﬁéﬁ%%%%gﬁ}sésses" Type="Mil ti Set"
Mil ti Set Of Type="Address"/> </ItenType> [0342] For

properties type Sty and BiLnary.a Si attribute . |
et berGaedtype e AdR Brp e sturn ater et Goicot>
Maxi MMk ZRrYINGNE"YRbdePysentiahrediring" She-Frsgperty.

A Property can optionally declare a nullability

const r Vwltablesi'fadset e Nul | abl e attribute. A val ue

"fal se" for thi at,tr.i but e i,Rgi_cat to tuhesn

appl i cat TEPHIYANF o ?t&e&l\a’m{/—al u@%mn%:%% i 256 an

I nst ang@uibld=hailsct y¥pe. Anot her optional Property

attribute is the Default attribute that specjfies the

def aul t <PaoRsety NrgnaSS R 507 6 BBIFCTI S S7eT (24569

for therHlBReFtyse His value will be assigned to the

Property at 1nstance creation tinme if the application

di d not gPrepertgeNdrme="{C084tB}" Thipe=WithTSSswse"Fiogpe2i§) i n

t he ex ahoye is of type MiultiSet. A Property of
B Rl

type S0 referred to as a nulti-val ued

Proper tynedtBitpe>exanpl e the MiltiSet contains a set
of instance of"'type Address. A MultiSet is simlar to
a collection. It can contain zero or nore instances of

a conpl type...The, e of the ipstance. in the,
Mul t i Se%%er% eﬁ\ém%e_cg%fg?léjg asﬁrg%geéd§¥sseﬁést%effige§ét> type
does not<rebRPY NarhPSNARGE Typé="WiAFS Sttt " Bizd=y pEs'

(includin er'!urrer'ati on types). A Property of type
Mul ti Seu ésehé& nul | abl e and can not have a

def aul t <Property Name="Age" Type="WinFS.Int32"
Nullable="false" Default="1"/>
<Property Name="Picture" Type="WinFS.Binary" Size="max"/>
<Property Name="Addresses" Type="MultiSet" MultiSetOfType="Address"/>
</TtemType>

[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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val ue. [0344] W nFS supports single-inheritance of
types. Al types in WnFS nust inherit from one and
WO r0g/ 021866 NFS type. The inheriting type is rePEr/Dsmo1/a4569
as the derived type and the type fromwhich this type
was derived is referred to as the base type The base
type in Base e attribyte of th
for thg b, PR AR RN PE bR e dnrerbi i eRae iy fime i the
apph&ﬁgﬁdtd/lﬂﬁpﬁ)‘)&ﬂeﬁh in turn derives fromtype C. The
IS an ancestor type of the types A and B. The
t ;IB@I% iHheaAdfsessentranerty Jighe pfammea Wess oBypailuliiSeh A Property of

type Igi?h%e't [} tiﬁ%r}%%n%a o %@ fnﬂlt\/\kﬁﬁé% f’l%p \gﬁﬁ‘t%&?mgﬁsthgﬂ/ﬁﬁtﬁet contains

a Sl ngle can nowever

a set Mmﬁta;me)fa@eamdrest AnvieltiStt i3 sindiedr tcoﬁ cblygeeisn. dOEﬁnaioﬂtalilgzero or
the type and all its ancest%r ty es. .For a

more inEangFTe AFAEHEY §Pan The Hoe ohHe iBttancg ik the 1\4516136? mysgfhe @ complex
nested %%ulﬁé%@}}ﬁ%%eé’%t%ﬂp oit fShnded 8 f WARES E@aﬁarQ;Ipé"s‘ Mheluding

er type set the nost-derived type:
enumsrangh yyey)p el Paatesty iofi sitpa el tiSet can nbhist mdkablednd@xmmtl have a default
one nost- derived type. In general, we will refer to
value he npst-derived type of a singly-typed el enent as its

t 0844 ThE 08T dupBéktd SRS e ifteikdnts ofdybed. P81 1§p&PArWINES must inherit
declared in its base type. The derived tcrpe can

from gt el ew WingBdynd. cdhegnheriiag tynstis safered igesthrederived type and the

type @gngilp thd&‘l%s tg'? { | yag gerll\pedt b efQ-?eSdeto ta%/ btaAe gég.fﬁ{éetﬁlaswpe in the

he el pe nus

Base tiRidue JPRIRPBAATS @fpeﬁbﬁaﬂaﬁslﬁelbmaﬁts BOgpst thh eypeai ﬂenves from
advant age. of inheritance in the data nodel cones fro

base @a@&whleh Hpturn derves frophiyee (¢ dhe tXpp&sis angnessts tyrerd the types A and
B.T Qgé %@g@&g{ﬂg&@;@%%&@emém 7 staﬁ?e%‘%‘&lé&’ﬁl WinFs is

ect” >
alwayNeane mstirice f hlan‘gle Tppewe Wmﬂﬁv@ter trazg that :dataFl’nstqumetay an 1nstance ofa

e ol SR BELSIE" RS ES S 0g L7 NS EIE

instald@ R sudNeRY b @Meéj q‘}eedaﬂ'tﬁé fbe vﬁi’e‘hﬁg—}@ﬁﬁe Bfd¥Bior Sf any other type in the
<Property Name="Mddl el nitial" Type="WnFS. Stri gtgy
one most-

set thanmsdwwmw ANasglzdimadalatidneatideds eminstaBesefl5xe

deriv %é’g Tﬁ%%gr Iag?lorsge}r R/élﬁlrg?f%le fri%\ﬁg%@ae n%fR smgl}lar{[yped element as its

type. ThB@erivdd tip esﬁﬂlerlﬁﬂdﬂlltth &JM@&CI&N@J@ itd Base type. The derived type can
</ Nest edType> In the abgove exanp %/?e Person has a

declape rpyepropentisn bwase 16t oYeypde ms@@p&ﬁws deimesliathg 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" BaseType="System.Storage.NestedObject" >
<Property Name="FirstName" Type="WinFS.String" />
<Property Name="LastName" Type="WinFS.String" />

</Nestedype>
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O herNanes which is a set of type Nane. Normally it
woul d be required that the Property Real Nane only
whaoos/024886 ances whose type is Nanme. However, wWP€TIUS2004/024569

i nheritance, single-valued instances are allowed to

be the value of Real Nanme as long as the type Name is

one of ancestors of the nost-derived type of that

el ement. So, an instance of NameWthM ddl el nitial wll

be al | -oMesledTypb dNahite" MamewithMitdienRiaPBadelyReaNSaree >
[03461 The sane rule is extended to set properties.

The Proparepertt Nenrahdiddlelntal dypes WinFS otriegd drient s.
For eaog@ﬁkﬁgf%%;yped i nstance which is a nenber of

t hat set st-derived type of that instance nust
have Nane as one of |ts ancestors So, sone of the

I nstanc may. be i pgstances of
type Na% W’ﬂ y@e 5%%@9’%0%’5 ea?g T >

NameW t hig ggd:g) Nh&bﬁiRealﬁ&?&‘”ﬂypEQ'}%ﬁé"aﬂce al so

enabl es conveni ent querying in that it is possible in
the W nF@rosgrotTéwn@ 'QtherdNagies” TyperaMakisSeadt Maltist@Hiype="Name" />
type. go gg for all instances of a type, the
query e ﬁ also return all instances whose
nost derlved types are descendents of this type.
ver, these gperations are onl supported for Jtem

In thﬁb@ﬁsqxampleawe s7s9R haha Riopeity Beal tynediane gnd a Broperty
OtheB%HﬁeQS) whitRls N'&% B?ﬁg%lﬁ&ﬁ& (I\%Aﬁa it vl/\fﬁ& gd éﬁhﬁ%ﬂ{aﬁhe Property

erty, or conplex property t e operat|
RealName hly Isvp ostdnees Whoseityst ia haes. &Inwﬁyler; edthmnhéntmna smgle-valued

singl e | tiset Proper TYPE FAM 3481 I n
insaos JONT0 B R e g P i G Ny o of anestors
of tht Mﬁﬁt-&cﬁfmeh'tg% of that E@henV\ B &, QQ%%@ @@NameWﬁhMlddleImtlal will be

PCT/ US2004/1024569 Nest ed El ement types (a.k.a

allowadgo bd theyyadee efith@Prgperty RealNaae) |tem types
R ' ' .
R M T R —

a set \Of BlefchiéPRorSe4sh &ﬂglyTﬂS'?ed nYEh@WIBtR (SORembhestahat set, the most derived
nanmespace decl ares_four types that serve as raqot t

type pbthabimstanes mpsidave Damerag Ape 9f itsraneestons| Jnisage 9681 laﬁgnces in the set

OusEF38E) HDAYBS AN Sty ik oo

Nﬁm@ﬂh&hﬁddkhﬂﬂﬂted types can be used as types of
ert| aof conpl ex nFES t es Insta ces.of a.,. . .
BRGG « Fbetleati SR abLes rouy ol RusraBEan Ot Byralip the WinFS
syste%pfotﬁ}ﬁf al CRERK&S of léQ@rtalth}V&VWhen heskh A foR 811 YstaHesd &1k type, the query
types cannot be queried
engine will also return all instances whose most-derived types are descendents of this type.
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] In summary, the WinFS type system defines four distinct type families:
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gl obal ly-that is, applications cannot conpose a sinple
guery that returns all instances of a given nested
W0 ps/024866 he W nFS store. 2. Item Types [ 0350] PET/V$2088024569
Itemis an instance of a type whose ancestor is the
type System Storage.ltem This type is a conplex type
t hat t he, root of t e | t pe ste
St or 8gNeHBER vRs ks st e S Zrpery SFHes) o
type,ejllté}ntﬁggs is a special Property of an Itemthat
serves as d primary key of the Item The value of this
Proper tRelasorghiprigpdseed to be unique for Items in a
given WnFS store. This Property is non-nullable, and
nust *beE¥eRIYNYBES by t he application when creating an

Eachitﬂ%[uit%gbﬁ 1k a@ﬁfér&ﬁ%tt #fh% anll %glog@ iff ﬁWﬂFSbﬂgﬁ %Ls%i’n The

e - it can ne nge and nust not
SysteneSeage s[cﬂaﬁaharﬁéseammgﬁrmfgwtgpmhatrseMraa roqisymes ¢@sach of the

oo P A SR penkBBsBrhalbS Bpsdifosn bl T ope ™

descendent types b_at er er einis described the
central -t ol eNested Efement TYRES i n the W nFS system
oper ational. senman Rel at| .onshi p Types [ 035

RA0A#lonGhl ke g ﬁgser &Ha%g dyPefamiligh SffiysYpes e%.@tused as types of

pr()I)%ﬁnary ﬁl&qatl ons &g§s vﬁ% re o%gé%s‘eﬁw@gg%rgﬁgg%%md mside an
instatdesnfanatheecamex typ0.1 Hi@eR@OBISGRIGEE NPT (929 Cah0PAb@@ried
ther Itemis designated as the tar
SIObHT 2R PP GG C R S TaP e S B dgpipnces of
giverl SestddGypy REhSYERESOEQr age. Rel ati onship. This type is
a root of the Relationship type hierarchy. System

St or age; Rel aftkﬁnp}?;eg) type declares the follow ng
properties: Sourceltemd - the Itemd of the Item

t hk<j

P, B RSl AR R L 055 i e
Systdie Satragaisdm T hietyat iis/zecdmple)h’efps that cethe Faag of theHeenptyipe family.
sy S L LB 0 )5 L B T, i ropc
of anl IEe%m}ﬁt drviR atp'?HrE%SI k@ff of {h€ 11281, atricansly dF; thls MesiRrty i®f\Giranteed to

of the 3 possible Relationship instance nodes:
be ummumﬁ‘on gtememe@men JVingB sre¢.eFhin Peoperanenon-puibld, ard myat be assigned

Rel at.i onshi p f or R
by g PP ViR R BfbERT Heplin Aotk Db ThE MR Pl dRBey i ao
imme@@bleoniatdyndiseciadgé hhd Bost nBebatedussshi ps that do not
need to be displ ayed . ) i .
[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 its type descendent types. Later herein is

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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The Sourceltem d, Relationshipld, Targetltem d and

Mode Property values are imutable. They are assigned
W@R00ROR#b6 onshi p i nstance creation tinme and caPCTUB200€024569

changed. [0353] A Relationship type is declared as a

conpl ex type vvith the fol |l ow ng additi onal

the otggrglit% h fai cg }ggﬁte ng %r%gtg c{%‘ %tepag% %gr}xtastﬁgﬁgf 3|t?a)et ose ancestor
is thettyplﬁﬁ}%ferﬁ Bevrigf rdlgtmekip) Tlﬁmypéllé @M ofBid el ffont Mg type hierarchy.
i nstances of the Rel atl onshi : a Relationship

Systemﬁtpmeéielaé@ﬁsmmymal@@laes \ﬂ@l fgﬂowmg' nreRerigsde Property
that %%1 eIt%mIIc? V\@hde Ilte gfe éenh og{ss s’lf?uhc%%%tl?erﬁélhtlonshlp instance

[0354] € 1S an exa

decl ar gidiabnshiphe! alhighs MeﬁtTﬂ&%fMaa&&ﬁw&eﬁaM f0Qhe source
BaseType="System St orage. Rel ati onshi

AL T ovi Hsp e (Sqmreeli b d e apoBeup d rma sprimary key fo

A | NG RR ki Sou1 o Nae= Docuren

PCT/ US200¢dNeARE the Stbailg of thasrpet oRuhdIRE ationship;
Type="Core. Contact" /> <Property Nane="Rol e'

Typee" Winds: spe ofilje 3 possikipRelsipnshinasisacongdrsalinities, Embedding

Type="W, ing" /> </RelationshipType> The
Docunment gfﬁ‘%&%l ationship is declared with

rest §i QUdr@dS c@itaind HeaAGR Ot REhbi3Bipdor hdi@ing ReMe@nships
nmode. This neans that an i nstance of the

DocutrersAiddror afRodgan gHshite thed appizpations q&etoaﬁ@@élymw ko filter

val ue ng". lnstances
W th vali? egélon%ég@%‘é&n%n%@{ee&%%e ?lFﬁ!ri'P% be al | owed.
The S[o@&%ﬁ]emme{eﬂi&ioﬁmmpms malfgeﬂtbﬁﬂd afd Mods Mpbﬁyezlaﬁ:(a@ bfetimmutable. They

med "Docunent” of Itemty "Core. Docunent” and a
are asrswngé@t Relatirnship 18%‘*31%%%&63“% beapdcae pot beghanged.
R on L 1bt RRRky iR AP ’IifokESe additional
RSP IR RREhR, 5 8RBl ORRLBY G081 dditions
consteyiar at el y from the Item Al Relati onshl p type
i nstances are accessible fro gl ob t.ensi on vi ew.

A quBr yOUERR A g6 HERUA TREHICHITN; R RROIA| fPopiies & name and the
i nst anges. Of mardinktednere of Rel ationship.

e Allowed modes of the instances of the Relationship type: a Relationship instance
can not have a value for the Mode Property that is not allowed in the Relationship
declaration

[0354] Here is an 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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[0356] G ven an Itemall the Rel ationships for which

the Itemis a source can be enunerated based on the
waomsozicben d Property of the Rel ationship. SiPeT/a81004/024569

for a given Item all the Relationship in the sane

store for which the Itemis a target can be enunerated

using th Lt nPF.opex /Rel at i onshi p.
a) Rel at\)l?rongeﬁ ena E |gcsf 5(%4 'ﬁ?n{aagl | owi ng
secti on&Riep?aﬂyl Ibaneﬁ*l'Rossé Mype+'o8inds. Sthieg"d>f f er ent

Rel ationship instance nodes: [0358 l.d].ng ,,
Rel at i oridhPRsEtY Nggner %@SMW%@HPTJ]SW{;"%@%%@ /o nodel
refer en@/RelaﬁBH{l‘ﬁ sed life-tinme managenent of the

target ltens. em can be a source endpoint for
zero or nore Relatlonshl ps to Itens. An Itemthat is

The gt REP BT B Bes ST 3 BaFT e S SEaBees  Hgns or

Refel%ﬁ@éem%ﬁé’ M&iSSedehdreh dt2108 BF the Dd&%ﬁl@ﬂ@ﬁ}th&t@f@ﬁionsh? can have
Hol di ng Rel ati onshi ps enforce lifetinme nmanagenent o

instandee witrpdue Maded Referenpr or Modet iHnidiag” dnsiaicss wifh value
Re shi, dthe Itemthat it is
Mody Jﬁa&qeﬁﬁlng %1%1?118{91 oml%(‘:r”%ﬁoper ation. Additional holding
Refoas5jonshe Relatisishipodeslagan: doarcerebdpnt taai “Doeument” of Item type
.. targeting the same -103 V\D 2005/ 024666
COfP@PFUSQ’@O&P@)Q&%S@ enflpoant of\ien Gowe Cratast hFBIPed]i{ﬂ@tlonShlp also declares
N R S
the Itdal. AtlERle]afi GBHD]|tyJduiastayqes sraﬁcctdsﬁleﬂdlp@l giobal Egtemsion view. A query
specified in the Re i anshi p declaration.will. be.
can G ppgeact WHOHIIROP el HFOBoioet e BRPapPORS ReftipEshi.
Cr @356 GIRE ahYiR@SalPiheHIeatRASRMA ok wWhickfhe BiaM i98%kourB&can be
changed after the Relationship is established. [0361]
enuntdodted bepeoh shd Smsealisslp Praperty I@éﬂierlbﬁlﬁlqnﬁhlpo Sty her a given Item

all t Wgefar 18'51%@{)" érp ﬁﬁm?’ﬁggtﬁgen@§ E’Q&%‘O%g it?ar ) %ét%ﬁgé B%gnemted using the

TargEMteREd PYopefty bhthe RigdtRInkigpshi p decl ar atl on defines the
nane of the target Itemrelative to the source Item

This relative nane is unique for all the holding
Rel at i onshi pd souBE'@B‘OF?IBH'%Sm@PV% |Item and cannot be
null. The ordered list of this relative panes _starting
f r BASThe The Billopirgsactions desqrihs the ssmangienaf the Hlsfqu‘enﬁRelatlonshlp
mstaﬁ oli&.the Item [0362] The hol di ng Rel ationshi ps
rma direct ed acyclic graph (DAG. Wen a holding
Re[0858pnElbiding Reletieahipd: Hloddisy Belativashinsraesutetdo nmedel reference

cycle_ is .not created d thus ensuri that the W
counf B SO B ORI oL HSARE R e BT et Fgecofoapoint for zero
or mbRR M HrshipeFERAAS An Item that is not an embedded Item can be a target 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 is targeting is an atomic

operation. Additional holding Relationship instances can be created that are targeting the same
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and Item paths refer to the "WnFS Nanespace"
specification. [0363] Enbeddi ng Rel ati onshi ps:
wniwsaeiong Rel ati onshi ps are nodel i ng t he conce@I/USTIN4/024569
excl usive control of the lifetime of the target Item
They enabl e the concept of conmpound Itens. The
S .
Item. f\{(]gm {h% %sﬂ@ﬁﬂg yeld gggltsﬁg u%l?ésn_%g nw&a{]%?ﬁeﬂ R%Il gg ga%& %gd%hr% is deleted
the targe? Me@Ai8 al¥e ba deletsdce of zero or nore enbeddl ng
Rel at| onshl p. However, an_Item can be a_ targe

typ%mf thmenspaing feme seaciiErisRithe R%ﬁthrt%m Qeﬁléfaﬂon will be

enfoxjcgdr gg{al‘?%?ﬁlgtaﬁ R%ﬂ grgslh.gﬁ Ss%%ég%_srﬁh@%yg?%%f?ﬁé te}gc%oﬁn}}g‘%ems can not

be chlaﬁgedraftetﬁ&mmns}hlpneemmhﬁi Rel ati onshi p i nstance.

{6 PR nchas nE Skl T ERER G QLT WA ppespace

All hbf&ﬁ*ﬁg"ﬁé’lﬁtl&fshfpg ?aﬂﬁ%ip@id 1AM hndspace’RabRbon. TR NS Mbperty in the

he "endpoi nt enms can not be changed after the
Relathishm @nbmtpmdgﬁ@fgstth@nmgh gfthe Wgetémmlﬁtwg to the source Item. This
relatlpl?g H@Itgllﬁ gsglgarfclp.ﬁ)ehfgg a gloPcﬁﬁé ﬁ%fa S%l E8‘Eblj(§r }%ﬁl:f': 1ven Item and cannot
be mENTaddideged IRe bﬁﬂlllsméfahlv@ nifsd stﬁﬁngl loin the @a’iﬁ Sﬂenﬂef@ﬁe&’m&m forms
Rel ati onshi ps: Reference Rel ati onshi ps do not contr ol
the fyl] pame foBe Pt he Itemit references. Reference

fgiro%gon R@aﬁg 1{1%%091&95@1%&5% &%@teﬁ’ébﬁ,{lﬁ SHDAGE When a

nor rantee t the target
holdiag mnxemnﬁhlpds areatttdﬂﬁe Rﬁdtm iconsEH tpamaylcb:rlanomreata'd]arsi thus ensuring

it FE FPER dBHEAEPISRATTS: DAY (2" BAFOHIGO M BpherRRTS amespace

and I'Eé?xfl Eﬁtﬁ@?&eﬁ@lﬂ?é‘*Wm'marﬁv\?aée‘?fsﬁé&ﬂ@a@ioht errs I n other
S stores 0366 NnFS ref erence Rel ati onshi ps

Wi [(1361516 M@Mﬁ@n&t Emghedding &telatenshipharg erasigling the concept

of exFRﬁJ@wtle 5’8’8 é{i d%iheﬁlggetl g}}t@etargeii]ﬁ Clehe gagzébﬁ)é bt c%ﬂgeept 8% compound

Item&ReTRS ¢rensohl dF ah?enﬁ)@ﬂddﬁ? I.R%Hihohﬂnp'fﬁﬂﬁhcd 03Bt Keahglied targeting is-an
Rel ati onshi ps. The reference Relationship can he used

atomiconesdtipat Andlisiscanbec S9BFCo W AR o5 ritre smb IR AGUQIsHHRe sowever, an

e B 5 D 5o S 120 P o
embé\shlmg Pelatheiship cah nanbecartaeghtl bfig héldingt R adatfomisinp nTiisd talget Item must be in

. b) Rel afl on hiP Rul es and Contraints [03671 The
the SFIBFISQS’Wr%th he &g aPP’éﬁi%H 8PS and constraints apply to

L@%ﬁg ggé ﬁlges 0 'eﬁ@ﬂ&ﬁf‘l%‘ins@%eﬁﬁ&ﬁfn&ﬁ& R@fatl&@s?hﬁﬁﬁécl/aratlon will be
e

tlonshlp) or (one or nore ng
enfoRed athien a8 Mispaipe ofithe Retdtipnship eypareased. iThe typss pﬁthe endlémlt Items can not

be c}}%lgg({ :il(g%{gﬁefn]ﬁgatlonsh}paig bhsile& e embg;?cfmg ﬁel S 1ps 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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An Itemthat is a target of enbeddi ng Rel ati onship can
not be source of holding Relationships. It can be a
waowusoetceé reference Rel ati onships. An |t em cROT/NSL000H@24569
a source of holding Relationship if it is pronoted
fromfile. It can be a source of enbedding
f e | ati

the A R PR O R RS b SRS, B rSRAL Ryl il Elrctorence ltems
motbéerFémtwdsjl ng Relationship. [0368] Wen a

el G560 S PRI el e bF Bred4o ayqgdelmost non lifetme
man%%hﬁbht Ré‘lﬁﬁblﬁh é% RRtweA M2nisUSihbethe eﬁﬁe‘hb@&f the @argaqg%trgnforced the

types: The endpoint types nust be subtypes o
refer@merﬂe@@tmmdhln gs emypuient to myquie] Ionsdlheottpi@bRﬂetleltshmsS'ﬁlnq:)reference
q) ﬁm nt s furt tri cted new nanme
cdan

RelaE%?Sh%pne endBeT 1 Rgs terﬁ%l % ‘fravly Stqrs gl EWCF[BQTF?}?H pilier

maclifés. ThS bmbeddith Rﬂ@tlﬁlﬁﬁiﬁsfdb%t paﬁﬂc@ﬁteﬁﬂﬂﬁlemﬁﬂ@ rl'htmésﬁace The value
tional Relationshipt ége A can further restrict

of thg &WMW frraemhsdding Kedatigpeap myst hayailbase

Rel ati onship. The restricted set of instance nodes

nmust be a supset al | owed

| nst ance typg)z Rhiatiisn R ARECoRkafl S 02 024560
ﬁ)g@él‘fm Eh@ folfobﬁnf{mf?t% ﬁlléasr a%dtcgﬁ&faﬁﬁs g[ﬁn‘j) Ec%oﬁglré{léfnshlps

ey can sane

Pr opert &Lndferramna:ﬂie aaﬁrgaﬂofé(emﬂy I’cbhe 61fnbéchﬁng RbRtiefishif) ®r (one or more
base type The Sg}ggée and Target el enents_are

opt i onalolfingRelatiog pERRIOHY cxseapon itthe 19k Itpm. Apdiem can be a
an exanal &Y B0 B o R, noni b type.
t hat edeAnviem tlhanmattd[rget deabeddihARchaonsRep edn it dbispurce of holding

d fi <Rel at
o nedg e{lc%lbs f:%l?ch%gou%cel c())tn reR:rence ﬁelatlonsmps

B " .
Sy T N 8o .1
<Sour cecandwersbusgalf Bonbadding Rerﬁplpm;hilisagé IrefE)cmtmRBhn nships. .

<Pr oper Nanme=" CaseNunber " e="WnFS. String" />
</ Re Ieat %ﬁ@m (b'qa)ﬂﬁaéis promoted fronylg file can not be a targgt of an embedding

Relationship.
[0368] When a Relationship type A is derived 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 restricted 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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The Legal Docunent Aut hor Rel ati onship further restricts
the source endpoint but not the target endpoint. The
waomsosicendpoi nt type i s Legal . Docunent whi ch PET/USH94/024569
from Core. Docunent. The target endpoint is not
restricted further in this case, hence the target

| t i tt Rel hi | t
ooty oTae piEt g1k e Oy AR e AR BroBe s by Mlcap gt be the
Hol di ngsdeies a ﬁdjﬂe 6N Froperipbind fin b BV V\}J&ﬁﬂ@ft’hg type or its base type.

Reference. 4. Extension Types [0369] A WnFS Extension
i s arr i hbe apwee and Emigytp@em%@re@pn@ml @frthﬁ som¢spondipg endpoint type is

System conpl ex type
chat 1 srera g sPb A R e delvEy K¥RHghE STy
HereSy aﬁ emr@sle roag deduia€ios bONREGT oGS ttyp@thaf O@bIrek % the
the Itemd of the Itemthat the Extension is
DOC%%%&“Q’P@Bewlf)ﬁsmﬂ?@‘ﬁglhé%a OV& uni que identifier for
the Extension relative to the Itemd. The pair
(Item d, Extensionld) uniquely identifies an Extension
i nst anceRelatiddhip TWpe 200 F~0eaHBo FRGIENSEBGA/ 024569

[ 0370] oI I restrictigns apply for Extension
types: E éfﬁgl T?&Bgurpﬁg{\ &IGES can not exist

i ndependgtkbofdippilel t em An Itemtype instance
with the same Itenld as the Extension Itenld nust

exi st i AlloweEmbedding&flen"e t he Extension type instance
is creat Log can not be created if the
[tem wi {\Elg}’vﬁﬁef%rengn It%en‘gd does not exist. \Wen the
ltemis d@d»@b@lstamb#"udgelDoExmﬁﬁts lItyps:'Wegm Dd&ﬁnfeﬁfmb
Item D are deleted. At nost one instance of a gi v
most - der FREoRetx Namsr drasel pabera A ype= J¥u5 i Sitng >vvlth an
i ndi vi dy ensi ons can not be sources and
targets 0 1415{0%%1 Eﬁé&ﬁ ps. [0371] There are no
constraints on the types of Extensions that can be

e S5 e bl RS b 0B R ISR VB e e

endpoftR I ARCRRrfendpdihelypols phENSduRnt WRRS &h@e@ﬁ&ﬁ@]ﬁg Uo@ument
an Item they are independent fromeach other in

The targal ehdpaantamdotrestavted furtheh én this cape ihence the taanget @brraanéls omltted
t d d th
The B BhRi Al BEARR EPURBO00 Hheh ot aliinefe & gy Holding mode

and &Y eQRAiRMg\AIIBWed hodd UER ¥fefnbe.be conposed that wil |
return al fg the i nstances of a given type of Extension
regardl gss gktdiRfh Tope Of Itemthey are associated
with. The Item d of the Extension indicates which Item

[0369] A WinFS Extension is an instance of a type whose ancestor is the type

System.Storage.Extension. This type is a complex type that is the root of the Extension type
family.

e System.Storage.Extension defines two properties:

e Itemld — the ItemlId of the Item that the Extension is associated with

e Extensionld - a unique identifier for the Extension relative to the ItemId. The pair

(TtemId, ExtensionId) uniquely identifies an Extension instance.
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they belong to and can be used to retrieve the
corresponding Itemobject fromthe global Item view

W @s/02gh/en an Item all Extension instances aBEDUBZN€024569
with the Itemcan be enunerated”" wusing the Itemd
Property of the Extension. C. ENHANCED FUNCTI ONALI TY

[ I ' . t

[ ﬁééﬁ]i oﬂt}es% ggﬂ(ﬁlﬁ'%? @%@%&eﬂl %%%ﬁ?g%géggs!yst em

uti | ez eBxtEndi@tybO stantst canl A6T dxid MiEdpeitic@lf €ont & Item. An Item type
formalize rel atl onshi ps between_various Itens and

t her ebyingapeirith thesamp ltemlq as the Fytengion Iismid gust grigfin the store
| . i tar ' i .
LA, kPR CASEbORE Rl KL FSER A S e crone

Rel at i ahshempswitithe ghanUteit! dbéemot 36132 Vineh the Gomtiadéleted all the
T P i B L0 L
L8 R o D R e s
Pi ct ur ewith emir@bddyal flem. Musi ¢ - 107 WO 2005/ 024666
IR T NI

ea@l71]! L tiGe afeRFconStrAnt %Qtt%ot?p&foftﬂi@m%@ RREad &8s ociated with a
type. Simlarly, the Person |Ifem 3642 and the

giverOtgahypeaAing i xtansion 3gpe4is elidneed to eiktenrhani ée@dppacVhen mnitiple
. 3604, .1 |. enbodi t f th t.
instafies SR it FRISBEIOT YRS Pty AT e TIsh L1EY @ esBdspensensfiom eech

other3f 34th stRefir@hnBEABviolahs Bxtehbida inst@ieds &% Gz ald RBessed separately
3644) not only inherit the Properties of the

from tsshierat All Exprasionttyna iasianeepaie peeassibleaion aghebabBteasion view. A

oS R R R R SSPA 0B B o s
of wiex &yelof Itehi they e asertatédhieh.i The [eenilelodtliedhabrisponiGizateowhich Item
Contact 3604, a relationship 3664 to_Person 3642, a
they belpg 19 19,8 Dp USkE6 TEFCYS é‘ﬁﬁszr%&PPBﬁiﬂnS & obaced %ﬁﬁ’m the 2l ttem
. S o . . r‘- .
siow? o0k eS| BER NSyl by Rty O ey
using the hietndd Phopterty off dtei Extetsion. i nheritance is not automatic

and does not occur in every context. For exanpl e,
attri butes that describe when a type can be inherited

(ice., ENFEXNCERCEUNTHION £LIBYe not thensel ves
i nheritable. Inheritance paraneters are nmaintained

an@3789 UledeQekaPymbiBmBatk AR prseht iNERiohd Barliw&R/software interface
system 2. Extensions [0375] 'Fig. 37A il justrates the

systeghafilizes Bictegsions anddnberitancsunoydsr fryfoomalize rrtaimships between various

a ication spegifia.purposes., |n.thi Lgure, a
tem@RR by BaRRE Bl b fil i ARREH obllieh M Rebk " o’
APP2, APPX, n}g{APPY. APP1 and APP2 access the

st andart Con aRee: each of APPX and

[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 is the “author” of the Document 3602. In this example, the Picture Item 3622, the Music
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APPY need an extended contact object (add additi onal
fields) and thus derive Contact' and Contact", each
w@Roosoz4she i nherits from Contact. However, the PeDDEmN/024569
is that there are now three different instances of
the basic Contact Itemone in Contact, one in
Ttem 9894, 36H ‘th i eml 36 i 1 | '
ol ution et%&té}ﬁ@s or ogpggn%l%ﬁtt di‘g?{rtg? g)?fkllnﬁe@%e&ﬁ %Ji}oéi beeguse each
Items’ dymexis @rstibtyhe of the dpentmientsitant tygenSaatlarly) theRdrstaheltdnh 8642 and the
fields: ne ary for a pplication that requires,.
Orgagigetion sy 3614 ke rom i, Cbtpct Tiomn 3604 dadevasah ameiodisaents of the
resénbRivelitd, HRR&InhElHEhSIRerh &R & I
P directly extendi ngé_jt?we ??ietlﬁl%? 6%?’ Igfﬁal(:t?’gaﬁ)’\ﬁ}:éﬁia?s&@ Person 3642,
and Quganigationc3d4dpnotorheindeniethe Rumperties of tHeursspdBRY aem dems (Document
I j 037/7]..l.n one e di ment._.of the
3602388 ol T e A3 ot P P B Pty eon these two
parerft Gtesst E0flexdnep1EBittas 3600 ikhepifs DI RDBAEIP 36640 CShtact 3604, a
di %ﬁénq?éﬁ and separate from Contact itself as _
relatipnghip; $004 ted ersonPiod2, ande relpfonships3608yto Ongmzatian 3644.eAdimilar set of
Relatseahids brd £sd : ' i1t | Fields while
© aAPPYI%caIﬁ %Tdslgﬁ %@gﬁ?%@“&ﬁf% @ﬂgf 1@%”%%1%8? “to include its
AHPY7#ddHowevea it i ieipdstant-to h6B thalEk120eHshPA4BEHance is not automatic
d(igCT/ S2004/ 024569 Thepse Ext ensi ops are then,
and GORBHT AU SEY CRAIGKe R axauRlFyatisibutes and describe tyhes a type can be

inherfe¥d GRS iAFita ey ‘
_ har gwar e/ sofrtﬁ\?\g%te?lﬁtgg?gﬂggé%%gg #nnﬁe%ﬁ@bwc&%{rﬁ%@arametm are
mainfag@yeRpd reguiated by thedweidvpre/bdftvedre atterfcetshigtenpr esent
invention is directed to a storage platformfor
or gani Z.ng, Bdemgtmang, and sharing data. The storage
platformof the present invention extends and

br{03(t nsFigh¥7 A dhseqts the sHate@nsihg bﬁg&ld@ﬁymﬁ)@gﬁﬂg &t ain:jl%m for
i s designed to

file sgs{ierrs and d%a ase systens, and ]t
apph‘i?éloflﬁg LHGPEPPS- I St’?%’é‘?s aoé‘“ﬂ%’ctéﬁ ?qCPFéFlQl ibﬁéour applications, APP1,
APPE AP Wh@APPRONAPST SMCAPPE c'e%f the @@ﬁh mﬁgaw B 9&@#1 df APPX and

at a, , an orm :

such as relational (tabular a new
APPY heedgant extensled eonthetebisct (Bdd oddjtiond] fiekdsjramithas dergeontact’ and
foundat i pn, and schepati ze a t he storage . pl atform
Contisp " HEh B R R RO oot F RS heah Eidn b there are now
three a{firért AlstAiteslOMAt BRI Cbnth@ITtHPNIHERT Sontadt MW i84Qfitact’, and one in
rkers and enterprises. It offers a rich and

Contagi'f-ensi bl e application progranm ng interface that not

e S
propeftidsef Gpataetmoancludathe frsk rﬁ@&@%‘ij‘ forednh@@Scation th& requires such. In this
es nmay be

g:nder st ood éhat . ¢h n% T made to the )
case, &RBI3E: Fencs fﬂ’_etgd?qlb%o‘ apddaionnkinelds ruspad by AFTR: diewensr, directly
exten@nB Ak H410YEMH ¥én Q%%%O?ﬁté{cpggne(g{l%l b@ﬁﬁl% HeB gelr%itfxﬁ&gPPY cannot
présent invention Is not limted to the particular
emplaynthisdhetbod.s di scl osed, but is intended to cover all
gl:j’?f'ctions lbh(?t ar e i{jvithinthesirit and ) .
mi 7'] one embodiment of the present inveniion, 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. In this way, 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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scope of the invention as defined by the appended
clains. [0379] As is apparent fromthe above, all or
w@orosioprsse of the vari ous systens, methods, anPCEHERMO1/624569

of the present invention may be enbodied in the form

of programcode (i.e., instructions). This program

cpde may be st ter- I ' .
Thesg BREnITG 8 ¢t T Sl HBIE AL AL ERE0R, FiWREL 8Be tiEllions
enablie AGLHA bR ehulvi-typdny fok tHe Haedw e seftddre pityrfaiesysteie,

CD-ROM CD-RW DVD-ROM DVD-RAM nmmgnetic tape, flash

menory, hard disk drive, or any other
v naébmﬁg bl e storage nedi um wherein, when the

" program code is |loaded into and executed by a
e, > r : |

pata s 45 e ToRReRe MR mEbrS Bl (b FRERHRSa storage
platforiefop bag@iving, ssxecting andslyarmgsiatah & herstwadegratifornt dfehé present
. of program _ code that is transmtted. over, sone
inventiog RS FRAHPTREAP A SCNEH! AL0R0 Eiorage BEYTIASHE e gy stgms and
datab%?@%})sggns, Eﬁl{]ﬁ YEH o d A8 fhe MR dtGrS ForPMEfypas S¥efa ideluding structured, non-

incl’'uding the InTernet or an intranet, or via any
structirdik or f@ninstoictureddatarisael arelatibesl éiahylagidets, XML.mnd grmgmi form of

L R TN T T -

platfGRPSS BE gﬁesélﬁﬁn‘ﬁﬂhﬁﬁﬁ bfdbleg rhdie effldéht Wep12Q064 B34E6PMent for consumers,
PCT/ US2004/ 024569 _invention. Wen 1 nplenented on a .

knovwdedasredrkens epd seterprisese I offers e mish gpe grisnsibls dplisHpR programming

. e . . . t

ey M FEESSR B AR LR ORI

embr2s200 ok 234666stRETHIUSAHOM AP dBahse Whats msthGliailtne dndekstood that

A nmethod for extending an Jtem said Itemconstitutin
changesqnatpeReds s SodReRS Sescrivif bmiec T AR @ the broad
: i a r i f .
o BB UL A RS OB 8 08 SoBk e il
embddypents idisstoaed; du{ mmnteied dm sovem a)l maliBoationsithgbird withemihe spirit and
saj .Ext ensi o onsti tutin i.screte storable unit .
SCOP%P%ﬁ%ﬁF%‘feHH?’P B%Eetfcﬂ’ﬁ_{‘]%?félﬁ PRe i%mnat ed by said
hayodwey es e dpparedt fromahé AovesaBé IBrtidhs of fige VERIo0Systdms, methods,
claiml wherein said Extension is attached to said _
and dspeats of3the Prasentanvrodionfmay b embodigsbindhafozmiof PREraRsPM-c.,
.. cannat -exi st |ndependent | ' .
iR ot Bp L ERE TR s el B Ryt LT e bt Huch oo
ma I i@ S€l8cttiOal S igalghtora'gﬁarlnﬁﬁl:ﬁoﬁlchfdfi@ witlout lintiatien o fleppydiskette,
temis extende a urality of Extepsions. 5. The )
CD-RORRGD B0 DN WToY BrikA B resipris pr- LS emoroar sk drive, or

any dtRerdiSdidelredRAR! stOMEE hRBRED WheteP SvieATh@Po8RHm 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 mdy also be embodied in the form of program
code that 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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6. A nethod for extending a Property, said Property
constituting a conplex property type that can be
woranusoedead ed by a hardwar e/ sof tware i nterface BYBEUSIN4/024569

said nethod conprising the wutilization of a strongly
typed instance (an "Extension") to extend said

. S ; . . . . ¢ o

inverfoBP A iRl TSk At SRR PR, e g gombines with

the ptogesser th fravideaneiqe bppaates that epdraiceamyoesty amspeatficdbgic circuits.
Is associated with said Property. 7. The method of
claim6 wherein said Extension is attached to said
Property. 8. The nethod of claim®6 wherein said
Ext ensi on cannot exi st independently fromsaid
Property, such that if said Property ceases to exist,
said Extension also ceases to exist. - 111 WO
2005/ 024666 PCT/ US2004/ 024569 9. The nethod of claim6
wherein said Property is extended by a plurality of
Extensions. 10. The nethod of claim9 wherein said
plurality of Extensions is used to nodel overl apping
type instances. 11. A nethod for a hardware/software
interface systemto organize and efficiently query a
plurality of Itens, said Itemconstituting discretely
storable units of information that can be nanipul ated
by a hardware/software interface system said
plurality of Itens conprising a first Relationship
that relates a first Itemand a second Item said
nmet hod conprising, for the instantiation of a third
Item said third Item being a subtyped instance of
said first Item said third Itemautomatically
inherits fromsaid first Itema Relationship with said
second Item 12. The nethod of claim 11l wherein, for
the instantiation of a fourth Item said fourth Item
bei ng a subtyped i nstance of said second Item said
fourth Itemautomatically inherits fromsaid second
Itema Relationship with said first Item 13. The
met hod of claim 12 wherein said fourth Itemfurther
automatically inherits fromsaid second Itema
Rel ationship with said third Item 14. The nethod of
claim 1l wherein, for each of a first plurality of
subtyped i nstances of said first Item each of said
first plurality of subtyped instances automatically
inherits fromsaid first Itema Relationship with
said second Item 15. The nethod of claim 14 wherein,
for each of a second plurality of subtyped instances
of said second Item said second plurality of
subtyped i nstances further automatically inherit from
said second Item Rel ationships with said first Item
16. The method of claim 15 wherein each of said first
plurality of subtyped instances
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automatically inherits fromsaid first Itema
Rel ati onship to each of said second plurality of
W@ aisppssds | nst ances. - 112 WD 2005/ 024666 PCT/US2004/024569
PCT/ US2004/ 024569 17. The nmethod of claim 16 wherein
each of said second plurality of subtyped instances
automatically inherits fromsaid second Item a
Rel ationship to each of said first plurality of
Whatsis @ilyipsd: | nst ances. 18. A hardware/software interface
system for manipulating a plurality of Itens, wherein
an ltemconstitutes a discrete storable unit of
i nformati on that can be mani pul ated by said
1. hy Hl\éﬂﬁ)ﬁ/f&oécxrtéﬁ\ﬁgr% Antes, fs@ﬁqte?ﬁ’ §Jr§mut1§§ b Qi Ryt &H}abhe unit of
conprising a su stemfor extending an Item wt
infornsatiomribdtycan pp mnlmlﬁtahhsea badwam&n&rmfeyfacs gystbm, said method

Comp}[’Elxﬂ.%lg q‘}S.FIaI{(% qlgctcl)c?r}s,'%tl[ sggﬁggreﬁwgq@c érl%ge(g %r gxgsg?la ) Lflo extenc{ said Item, said

Extenbidh @oadtRAteRf 4 disdreteistrai1é asie oﬁh‘lﬁrﬁfﬁho*lﬂ}at ddievestnadifitaRl by said
claim 18 wherein said Extension is attached to said

hardwaredsaftveaye interéace pytteih of cl ai m 18 wherein said
Ext ensi on cannot exist independently fromsaid Item
such that if said Item ceases to exist, said Extension

2. alThe neslases damexwhtreinkhid Bitenssorsis attaahkbd 0d sdiditdd.
wherein said Itemis extended by a plurality of
Extensions. 22. A hardware/software interface system

3, f e[rhe R R A diRg fnlklr ald ]@%e&florp TRRET g ﬁldegéﬂcﬂnﬂ from said

Properties constituting conplex property types tha¥

Item, sach thet ifread framateasts iy exasthsmdiimtergign flsovagases torexest.f ace
system said system conprising a subsystem for
extending an Property with a strongly typed instance

4. ( ahenRHBENS im) | whédeth daxd BaS isOdkt&@es bi b lirketydf Extensions.
di screte storable unit of information that can be
manl pul at ed by said hardware/software interface

5. Ex ) e sl |t%0§§ ?fscﬁi{%[ P %ﬁérgm s% d S}%ll)%'h& e )é@%]%{o%ﬁ E;s &%H Ctio modFl overlappmg

type i@ftaiidedl m 22 wherein sai d Extensi on cannot exi st
i ndependently fromsaid Property, such that if said
Property ceases to exist, said Extension al so ceases

t
o B 2R YL S B LB SR
that cadb@m‘ﬁﬂpﬁﬂﬂﬁ/ﬁ}%%&wﬁi@%ﬂimonﬂeﬁﬁdesﬁ@teﬁﬁ said method comprising the

il G R e R e S8 extension
constﬁllhtﬁfg"ae&@cr&te%fcﬁ@dl@ uhif bfm@cﬁnﬂaﬂsg tHEREAOBE hixabulaa bQaid
mani pul ated by said hardware/software interface

hardweye/sadtwars aiterfangsyamendphic is gssacistrdsyigh wid Property.
organi zing and efficiently querying said plurality of
Items, said plurality of Itens conprising a first

7. Ramhathénshbfitlaim 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 ceases to exist, said Extension also ceases to exist.
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that relates a first Itemand a second Item wherein
sai d subsystem for the instantiation of a third Item

W@ a00d/024866 d |t em bei ng a subtyped i nstance of BEi/US2004/024569
first Item automatically establishes an relationship
between said third Itemand said second Item for the
in [t 4 th. [ bej .

9. q b ?1%/&612} (ﬁ% éinfigvé/fx%#fnssg}ddlgrggéertagﬁ ggﬁe{-lgérﬁ l;}ha f)fu?{ﬂty &t BRtensions.
automatically establishes an relationship between said
fourth ltemand said first Item and automatically ]

10. oo s metbskoraipimg] Whergmspidplwaliperd A xdaistpns g isef tq wgds! overlapping

typedfdak@bd first Item 27. The system of claim26
wherein, for each of a first plurality of subtyped
instances of said first Item and for each of a

second..plyurality of  sybtyped instances of said _ secand
1L} Sl o iy e SR attiBlr e PRy RePamisemdeticionty query a
plursl@y aF ![t@ﬁh@,m_aﬁi k&h c&%‘ﬁiﬁtﬁﬂcﬁ (ﬁ@hﬂelﬁ/'sfo?ibl@hﬂifs%ﬂiﬁﬁénﬁgﬁon that can be
ed instances with said second Item -

subty ! { J ..
manmylﬂ%eﬁgby & handyagedgodinyare indssfage pysttea.i seidstimalifyorf Iteaesteoofprising a first
al d.. ' I: ces with sai
i s 0Bl 58, | 81 ST, TBRNE Rt e
instanebiadn ofethind Ifent, seidchirdltera deihgfa subtyped ihistahtd ¥f fid first ltem, said third
subt yped iaﬂét_ances wth ea sai d second plurality

M.t h ch of s i
Itemutrhsfiopfe dnhiert: ore sxd fpg ltem hRelaiiepsbirswith dggd second Item.

interface systemfor manipulating a plurality of
Items, wherein an Itemconstitutes a discrete
12. st dhalethadmftclapf lilnloarem; foo thetihsténtméion béa famihdidnatsed fourth Item

. by said _hardware/ soft interface system sajd. . . :
being  SFBYPRLRAR gl RO, SRR I e Gl it from said
secoll ifemPa REIEOSBHY WXIPeMd iRt t@Rce (an "Extension"), said

Ext ension constituting a discrete storable wunit of

i nformati on that can be mani pul ated by said

15, oF IR0 AT, R SR i st R Bl rom said
secohdl &8I a RelaflénshipOviZ0 654 G2Hi&én PCT/ US2004/ 024569  30. :

The system of claim 28 wherein said Extension cannot
exi st independently fromsaid Item such that if said

It . X Al [ . :
14, 4 b ERATAS i nerdh £ B AR SERRE pbinstances of said
first éetre natdich flsgidefirpd plumlityt of sobtyped mstanas autonBPically inherits from said first
| ha}gqmre sof t war, intgif ace system for manipulating a
tem Relafionshinayitbiaid sscopd fems 5i 4 properties constituting

conpl ex property types that can be mani pul ated by a

har dwar e/ software interface system said system

15. cofpe msitheg of claibsigsviareihoior eachenidisneprdrplimabiyeaftsybtypedcinstances of
. t [y ..t bk NSt "EXt ' " [ . .
I AR S LR T T ——

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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i nformati on that can be mani pul ated by said
har dwar e/ software interface system 33. The system of
W@ b@sme486 wherein said Extension is attached tPCHEBIN04/024569
Property. 34. The system of claim 32 wherein said
Ext ensi on cannot exi st independently from said
Property, such that if said Property ceases to exist,
said Extension also ceases to exist. 35. The system of
17. cl dhanBthodeicdiim ]sﬁa\ivhbréin@pdr mﬁsaidsseemtcﬁﬂdmﬁtybyf sabtyped instances
lurglity of .Extensions A har dwar e/ sof t war e
am"ﬁ’rﬁ‘ﬁ%ﬁ’fy&% @??Pa}ﬁaffgi‘ecﬁ%ﬁﬂtma&ﬁlﬂ@nélﬂb 1ty aéfluqfﬁaléfﬁrst plurality of
subtypeEstale@r €i n an Item constitutes a discrete
storable unit of information that can be nani pul at ed
by said hardware/software interface system said
sy t 5 for or.gani zin
15. Y A BRI L M B RO SR h e R R S tgms, wherein an
Itempiouﬁt&hieb ¥ dscretd ssombLamN dfShiogmatidn thetcaff®k atdn§R$AbPby said
that relates a first Itemand a second Item wherein
hardaredsodiypses mieface pyytemysaiq %&emqnmusm pFubgystem for extepding an Item
| | LRY C
with bR e I e T2 R YNGR PR R Bispprs storale
unit bémfmemtma itlcht tém bejmhnlpUhamdd)y?balddlaSchmje/doﬂtWQmmtﬁﬂ‘ﬁcd dystem.
instantiation of a fourth Item said fourth Item being
a subtyped instance of said second Item
19. autrQeBystGR bl Maﬁﬁng&}l‘ﬂeﬁeﬁ@&l@ﬂx{eﬁél@ﬁ isodi‘taa&da D 8hiNaRM. sai d
fourth Itemand said first Item and automatically
establishes an rel ationship between said fourth Item

an [ [ .1 tem 115 2005/ 024666
20. S 8stih pbShioh 4 Tperei S P ReB0R porE st dndcpandeatly from said
Itemf Qichekut hif ©ifd Berhicesdes B ki) daldyEREnSoAYPEAsstS eRIBEES of

said first Item and for each of a second plurality

of subtyped instances of said second Item said

su I
21. 2R SHR o PULRRRS WEBtoh R A 4 AR o Bl Beensions.

i nstances with said second Item automatically

est she rel.ati onshi r each of said secaond
22. éf%ﬁ‘if%re%@@%rﬁﬂvﬁéface DR AE BERTIE 3 AT Prnsfiies, said
Prop@
P H‘*é R b FPETR o BT P8 R Arolsofiware
interéame hymmmdjmmmmﬁm@ subgystém §cnrkﬁxqudd1g| ansRrapergswith a strongly

d bl di
oo BT EA0ASIoE  HOFUIBF N ST e e G Soshle bk
inforp@itidn ki Hhrﬁ@@ﬁiahﬁ)utaltddlgayasaﬂi 150 d@4re/s6iRbRRhRried dysen.
i nformati on that can be nmani pul ated by a

hardmare/softmare interface system said

23, C 'F{?éj %ﬁ%en{ 898 W%Ite r}"falﬁ ns%) lttﬁ!:l{é% to Sir.ld P{%pﬁg&

I'ons he u on 0 rongly
|nstance (an ' ExtenS|on ) to extend said Item

24.  The system of claim 22 wherein said Extension cannot exist independently from said

Property, such that if said Property ceases to exist, said Extension also ceases to exist.

25.  The system of claim 22 wherein said Property is extended by a plurality of Extensions.

-113 -



said Extension constituting a discrete storable unit

of information that can be mani pul ated by said
whasodnateed sof tware i nterface system wherei n saPdI/US2004/024569

Extension is attached to said Itemand wherein said

Ext ensi on al so ceases to exi st when said |tem ceases

to exist. 39. A conputer-readabl e nmedi um conpri sing

conmput er -readabl e i nstructions for extending an

26. Pr apRfdware/Séfirwlarei@peide)sySOnSbt indhipiRtia ﬁ@lﬁihlﬁy of Items, wherein an
property type that can be nmani pul at ed

Item [gaRiftes §¥§P’t@&?aﬁrt@fablﬁtué¥tf05&fo@}%10§rﬁlat§aﬁl e mampulated by said
hard\?v%%ﬁ%u{ ﬁfe@f%@% ?}Z)s'tn&g Elld%g t%ﬁcgﬁ@ﬁ?ﬁl ﬂgs S{%g&n {éog %Eégﬁ&?ng and

efficicly sy shid gluektyesfdtedal shidPplpeity yf Itﬁﬁs comprdigns fiesd Relationship
constituting a_ discr nit of information

e st abl e
that sefpsgs aclist Bem g pgemog 52 Wasal SHRFYRIFET sof t war e

' ”fo‘? "tﬁ&%@taﬁt){a%foﬁmf‘ﬁ‘?ﬁhﬂt&nSs%icﬁthﬁ-&tﬂ%%ﬁaﬂ h Suy S RAGREShdeR £ said first
sald Property and wherein said Extensi on al So ceases

Item} antematadallyfestableshies] aﬂﬁ@@@ﬂﬂ!}p betawses said thasd Kem andsaidsecond Item;

r e a bI di t abl .
OB EH TR R TRL o R OB PSRt o i
secofd Ré! ﬂitbﬁﬁtl@ﬂly|eﬁﬁﬁﬁshe§ﬁi ﬂsldtfoﬁﬁﬁlﬁ BBtSitckh bdill Mglirth Ttem and said first

di scret el y storable units of - 116 WD 2005/ 024666
Itemp@r) US2004/ 024569 information that can be mani pul at ed

byalﬁo{ﬂg{lga e‘g{ B {heg\@ﬂ ?elétﬂ) %%‘e‘@ve%}ﬁ&lﬂ %urﬁﬁtgm and said first Item.

conpute nstruc nsS co
|nstruct|ons for instantiating a flrst Iten1 a second

Item and a_ first Relati nshlp rel tes fir )
27. |+ £hs systran 9f Jaiay A4 W EISH ‘?rr?§? ﬂ{?gﬁ H]glr ity af §1{§)t3me§ﬁ1ixstances of said

first ft@l'ndaﬁﬂol} gaéht REd 1@raﬁ§@f¥9§t§gé@§1§@ﬁé@ 0PEaid 3L nd Ttem, said

ltem an aut rmtl tabl i shing an
subsystérar i t ed Rel ati onship betvveen said third Item and
sai d

o1 B0 Oy AL oS AP AT B E e O FORQ R puraiy of Sityped

instah &t §4d sdend@rtk@urth Item said fourth Item being a
subt yped i nst ance of said second Item and

autwomeiieslyl eptablsheb pireptionghiarfor edeh of said seend plugaldhiopsubtyped

.. between sai.d hltemand said first Item 42. The
msm?%??p“ﬁl?}é?w?gr%g%ﬁé%nedl um of claim4l further

CORRbati Lyl 3Bblisheb b @slatidnship fatiéah®i badlfiryt plurality of subtyped
. establishin an i nherited Rel ationship between said
instapegsyith eachhod setd seroad phiplity of pibivgped. ingthrees.

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.  The system 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. The system 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.  The system of claim 32 wherein said Extension is attached to said Property.

34.  The system of claim 32 wherein said Extension cannot exist independently from said

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 Items, said plurality of Items comprising a first Relationship
that relates a first Item and a second Item, wherein said subsystem:

for the instantiation of a third 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
Item; and

automatically establishes an relationship between said fourth Item and said first Item.
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37.  The system of claim 36 wherein, for each of a first 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 a relationship for each of said first plurality of subtyped
instances with said second Item;

automatically establishes a relationship for each of said second plurality of subtyped
instances with said first Item; and

automatically establishes a relationship 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 Ttem, 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 constituting 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 ceases to exist when said Item ceases to 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 ceases to 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
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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 a first Relationship that relates a first Item
and a second Item;

instantiating a third Item, said third Ttem being a subtyped instance of said first Item; and

automatically establishing an inherited Relationship between said third Item and said

second Ttem.

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
Item; 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

Ttem.
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