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SYNCHRONI ZATI ON PEER PARTI Cl PANT MODEL BACKGROUND
[001] In today's world of technol ogy and digital
w0 pdooiopmssé on handl i ng, individuals may store PCT/US2007/001394
information or data in a variety of different devices
and | ocations. Oten the user stores the sane
information in nore than one device and/or | ocation.
The user would like all of the various data stores to
have the sane information without having to manually

i nput the sane changes t f.ar

0 on§w&1@&ougzﬁrmﬁ£§ﬁiwﬁ§ﬁ€a éa@?\@dﬁ@in

t he same i nfornmation. 8:?( rrpl e, a user

mai ntain an el ectroni ¢ addr ess ooE in a variety of

dii#98r entIndtodiay esworldl of dedhmotogyThad udigitalrayformatiomihandling,
t,he,addr ess

mf‘h‘?‘%‘l‘ R 1UVA sﬁgﬁ &8&?“?{ gﬁagphgtat fnﬁg agx%ggi or[}achfferent devxces and

loeakidrzei OftenpiRpuste? NgIvtee the isAma mﬁmmmmln iii gidralthan one device
assistant (PDA), in an gn- alif ne contacts man

andfer Jopgidon. T%e H§%frWE‘élﬁ b eVaEioNE f%ﬂter%a&a F‘%‘éﬁsthe Same
ml?&%lfﬁldnnwﬁﬁ&ﬁ ARG t@ﬂlaﬁﬂall}f ﬁfpu?)&ﬂi%ﬁe cldide8 o 8ach data store.
contact, deleting a contact, or changi ng contact
Riplicationt isoAne Rspressansednta engaedthay @wehdaiat siate hae the same
m(%ganaqe made on a particular device is ul t| mat el y
ed in the data stores of the user's other
de{om;ies F&0&8janiRelp) hoser amyoemintes amcleatoninghgdgsy book in a

G SR 3 B 6 s oo,

fRrexaRpld, ﬂﬂl £ pBRbhAl inf@enationtiasser eiored on dbeir daﬂﬂsp computer
users have thunb. drives

For exa , nD)V
opehi ylap Acgmpk}%‘lf‘éné% a persPap eistigkiassigent BBR3.dg @ on-line
c&ﬂactL %ﬁa@@f 128 tBY qﬁkeasﬂfeoﬁge?‘éhﬁ AEHE e dBstréhib@ddress books

usef ul have on many of those devices and/ or
irs mwpgmmeuy,afm regatﬂlpdﬁs adding a eentagiedeleting aggontamiser changing

s. of device t ev 2Oyt
c‘i’%g‘fet fRsorsed b%'réﬁe[??lrcg o &8 S‘SF‘?i |cr§§ e ?}r%ggﬁ%ypl C%{?%ﬁe on a
payieahik oddvied ii® lfimatsty sefldtied einsthec Hatanitoedsi ofi the user’s other
problens can be further conpounded when group sharing
dg¥ficefat a i s i nvol ved, such as nultiple users sharing a
gy ﬁﬂﬂ cal Rgﬁ%atloﬁm\és ﬁ&@égsm\@ﬁ @18 coRpIRMeadsqBe Alfhber of

t echni ques are discl osed that inprove
devices and/or services a particular user uses increases and/or the size or processing

capabilities of those devices decreases. For example, many users have thumb
drives, removable memory, PDA’s, phones, portable music devices, and so on.
Information such as contacts records would be useful to have on many of those
devices and/or synchronized among those devices, yet many of those types of
devices do not even have a computer processor that is often required to participate
in a typical synchronization process. These synchronization problems can be
further compounded when group sharing of data is involved, such as multiple users
sharing a group calendar.
SUMMARY
[004] Various technologies and techniques are disclosed that improve

synchronization of data between varying types of devices and/or services. A full
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synchroni zati on of data between varying types of
devi ces and/or services. A fullparticipant device or

W@ 200vi0gm46 ecei ves a request from anot her devi CERCDDS2007/001394
service to performa synchroni zation operation using a
synchroni zati on engi ne. The other device or service
communi cates with the synchroni zati on engi ne of the
full participant through an inplenentation of a
handl er interface. The synchroni zati on engi ne
orchestrates the comunication b p%$en t vari.ous

otne:

PArHEPAN R IR% AR PETECHIFCIVEY & THHE T device or service to

pRYRE A AYndRionPAatidAt ¥ReA @D dsin %l dlsPnclebRationragid The other
t he synchroni zati on engine, e handl ers are inspect

ed
devdcel@repervice ePBNYMIRHED nvlﬁht% rSYSCRIPAFRION; KBging ef The full
p%ﬁkgnlaﬁpthfr% ﬁ@ﬁrgple?nen%tlo% P4 Yand1BLirfteralel | ’Pﬁep[ cﬁ]Pomzatmn

S as I ne peer participant nodel
elgine nechiestpitesriiret earimpmpicatien betvedandhe 2arioys instafledehandlers on 2

s¥§§t elrt? E\El?{f:wp;gltc e(hl%ga}fonpar &en2en eﬁ&’lh{:se bﬁc@ coﬂhécted to the

I Cl'pan

sythidrizNRM engiis; tREEHatHe8 fars ﬁfspecned tcsdéteﬁ'nmalthe synchromzatlon
participant if i/ﬁt has a data stor.e nchroni ze 1

SEROEOR (815, AblA 40 3K PR o P BRG] o PRI fexels as

d@@ﬁedﬁ%?%ﬁnﬁg{uﬁgmkl ng what changes it nakes to
the data. The device or service is a parti al

0dPOSlci paimt drfe |1mpﬁ@rse@ta€1@ﬂ,a the oRymchemizatinsh s gletermines

W%%{gl% gg%%a’l%‘ﬂe par %’%a]?t part %IH% Qﬁé’ g%tegf&ﬁgl %%:Ep otrt&emmple

partiaipein g Thhatevitzaogesvice 1sral<sempta)pmmmaat i it Thas ad@ta @tpre for
or servigce, is a full par |patty it, has a.da

sEBrae e mbme sqonsdeehaire Y simplecPindiffis not

rééﬁgﬁilﬁk%fdﬁ'a&lhﬁg KiitcRAERs AhaBEYT tRE datal D[Edéﬁld:@ﬂlsservme is

on it no refers to synchronl zatlgn et a
awl%‘yl??émlﬁﬁmz%t it bW EngitAG105E o6 PHclirpized dats and 2 Haowtedge

t%¥@ Gt B 'lﬁﬁe&?ﬁ{daﬁlb%oWlé et hﬁléjﬁéﬂlﬁlepéiﬁb%ﬁlssr%pon&ble

[logi ¢t I's appropriate for the type of ice or
faetracking v&w qhangnmaqusr)to tfe datas Fheldeviset o service is a full

owd | -master che oni |

el By Dt PO et KRRARNAAFE 8l o fnqyicdee store
ahﬂ hi@etapio aRSiEidvgedfielind sehobagh opapaivink iohiiesKheudddge refers
as thunb drives, some personal digital .assistants

tandsechianszation emetaglatas. pARe | SYRATRNZRLN nENEIEG e Periprms  the
%{;}%mﬁﬁﬁﬁ&t{ﬁ éé&b@%@xftﬁe %§§me Meirlol PdeR o BSPi€ khat is appropriate for

roni zathon neans all ow ng two or nore

thratypecifpdavics emsdrvisey i Qe implemsntationepl this grehiitegtyee provides a
Q_CO

B4 5 S5, LAY S S 5026 o

sél&ibelswmit}t lmgt@mpbmn@mpﬂot stafag@aafapahnlmm(smsc&umb drives,

sg%\éalﬁg%pcﬁgﬁp ital a t LCl gnitts hpqrmhgﬂgs, e‘ami %o artlclpate V&Y some level in

the synchronization process. Multiple master synchronization means allowing two

or more participants each having writeable replicas of the same data to come

together and synchronize whether or not they have ever communicated before.
[006] As one non-limiting example, a partial participant device or service

can participate in a multi-master two-way synchronization operation in one

implementation because of the knowledge stored on the partial participant, even
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i mpl ement ati on because of the know edge stored on the
partial participant, eventhough the parti al
w@arwiogispant does not even understand the knowPerys2007601394
another non-limting exanple, a sinple participant
that has a data store for storing replicated data but
no know edge (such as a thunb drive) can participate
in a synchroni zation process with a full participant
in one inplenentation. [007] This Summary was provi ded

to introduce a selection of concepts i.n,a,sinpljfie
thpughhepartial RATHEIPERGROGAI eV BR ARG BN e KREVIsSIEg |Agjanother
nxﬁﬁﬁﬁﬂiﬂ | QBmpl8) & §W@r¥aﬁi§ipﬁﬁ€ thixt aasled doba i et ifdry storing
ey features or essential features of the clained . .
replibjted tdatmtbmemo kopwleslgrt(speh @ e dhurgb KETYR) &fnaBagifipate in a

aid in determni . ' hi.ect
sfpebroape Gt e 3y S8y ERARE B M CrRERGRRIP TG |

i J067]di agriisSeinrnaryi was pfovadeslytocintroducead sdnctpyepf concepts in a

articipant nodel_. of one i. nt at i,0 ' e .

S cBre B Bedihe! reoBPed PPN U PERY Becbription. Tis
s@ﬁﬁﬁdrgl isPRGH ittt to dashtElyNdye featuiesCop @sdentibD@dtures of the

FI G Is a diagrammatic view of a synchronization .
cloiraed gubiettcmatiat, nesdet itenssd torhs BIRGASER a}ffgh&s‘dieﬁgﬂgng the
«dd BUlrdie Eﬁ%gégg;j@étirg &f a full participant, partial

p% p and " si rrpf}cte p

rticrpant, articipant. [010] FIG 3 is a
di agr ammat i BmwmeﬁFzmmﬁ%f one
[ ntation.wi th han S, ' ' W L
oADDFE poffC ol plactffhfleeyid of RisphfphPaush pler participant
nRIbRAloneC plehemtaitt ahowhed d praplcalt a¢presaytaicnt iafga full
envi ronnent. for one or (EIF).re igﬁlltenen ations, such as

PEGICIRARG RATHAPALL DAy P FPIRIP BRI cat i on on a ful |

PODYF! PapiGAeVs a&diagraddhatid Hewbof & synchrogizativntpeer participant
view of a synchronization application of gne

mavsl efrene émblsmengayiog] showing @ tplular wepgprep@fien of agfiliparticipant,
flo i e ' tation of the system
Pf’&?f}’gﬁf%%? Jlngl %&g?eo%%@lszﬁgﬁgw di agram for one

| njotejrent RIGOA isld digrahinatc thew sifag egndhronizeten isyistem of one
.updating.and._synchyonj zi.n ata using.a. L al

Rl io VB roder Brapepen iy P SiBRL i Arpe,

di paspm f grGogeieRhesRint kdrilaiy kol isygtehnehatt moge suitable

invol ved in having the partial participant dﬁvi ce .
WP%WBMW% P1Hane Hf Jnore 1mplementations, such as ior operating a

synchronization application on a full participant device.

[012] FIG. 5 is a diagrammatic view of a synchronization application of one
implementation.

[013] FIG. 6 is a high-level process flow diagram for one implementation
of the system.

[014] FIG. 7 is a process flow diagram for one implementation illustrating
the stages involved in updating and synchronizing data using a partial participant
device.

[015] FIG. 8 is a process flow diagram for one implementation illustrating
the stages involved in having the partial participant device track changes to the data

by updating the record with a new tick count or other identifier.
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by updating the record with a new tick count or other

identifier.[016] FIG 9 is a process flow diagram for
woee@7ioppshenent ation illustrating the stages i nRCI/USZOT/O01394

having the partial participant device track changes it

made to the data by separately storing a record

identifier and date/tine for the change. [017] FIGS.

10-11 illustrate an exanple record on a parti al

partici pant device prior to nodification and after

modi fication by the partial participant device. [018]l )

FIB16]2 i FIGsPriatgsoesssdiempizzramcior @neimpleraentptien illustrating

articipan evi.ce. prior to.nodificati :
hssipp s PP lveddh tavi g e n ARgieip SR P bs ek Shafgfd ig made to
tRSBAth My s2phtatdly RRHngIEMIC6R] identifiaciadoduertios fontle ¢hamnge.

the record of FIG 12. [020] FIG 14 illustrates,t € articinant
exWil e r &365d 191k ilinstiase (40, eXqPigIRSPEY O\, 2 PRER| Participan
R e pri? 29 mdlf it stforPAd LIRS SdiRL atidiOby Bt pdrtisl matitipaht device.

participant nodified the data as described in the | X
ChHI} tr &dGi ig Wlslsrtas on eRpople gcofdon]a pagal participagh device

exanpl . knowl edge record stored on a parti al
pﬁg;rr&gg?opcgﬁgﬁﬁi ce or full participant device for one

| M®ent AGon3 [lo@Hhtes|@ ed@nple chapeedeasking reord on a partial

di agram for one inplenmentation ill ustratl e stages

RGP Vi ARy B Bol R bR rong ShERE: 127 g &

3 | jgdog pardiGe il_ﬁaﬂﬁst?&é!é th@-exbﬁll%ﬁ rdcbfd o%FI(E._Sththat is updated by a
i agranmatic view of an exenplary synchroni zat.i on .

SBrpRIRPIPRn Geviss o lederonn DA K9 PAGILRAL Ripgnt modified the

&gy he 88 cgs?,@% head Glage Erg_@léi}lg?é&rd BBFIG! ystrates an

exanp sync comunity for one inplenentation. .
[ 02631]FI GFIM 19 liuisnrenample qfas tnevdedge waeard siqrad\gnsa partial
ill.ustration o - af 4 alelN| nge

Bt ety & RSB WA fobinF RAMRRrfaue 0L

t hgozer t | FICANIS e prgcess diive didgoari fot cmteinplemehtatiga. illustrating
026] FI.G 20.illustrates one.inplenentation of.a ..

%xerﬁéweéénv@ﬁfﬁﬁi B PORILEE, BR SYRC D e, O3t yistly & sirlple participant

g&vitd.cipants. [027] FIG 2 1 illustrates one

I npl enentation of a tinmew se conflict detection ..
scd®i 0. Fisksl7 fs @ dizgrammatie NEe¥soh AN SRR ynchronization

R ALD SoE Bl FRpl SR UARRU i SR CutRindiee

| MpoB4tent aFican 18f ilustiateswias e exappliec af i ansync cominumnity for one

implementation.

[025] FIG. 19 illustrates a participant and a timewise illustration of one
implementation showing a change being added to the participant and the
knowledge of the participant being updated to include the change.

[026] FIG. 20 illustrates one implementation of a timewise replication
scenario between two participants.

[027] FIG. 21 illustrates one implementation of a timewise conflict
detection scenario.

[028] FIG. 22 illustrates an example of assigning change IDs to changes in

a participant in one implementation.
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scenari o using know edge vectors. [030] FIG 24A
illustrates one inplenentation of updating know edge
WO pood/opmné i ci pant subsequent to a replication PGI/N§087001394

exception list. [031] FIG 24B illustrates one

i npl enent ati on of updating know edge in a parti ci pant
subsequent to a replication using a pairw se maxi num

of know edge vectors. [032] FIG 24C illustrates one

i npl enment ati on of updating know edge in a parti ci pant

sub e o.a replication, where ti .exist in. .

R0 7 BB oo P en T b pigpavkiog eplication
sdeH i 0sing Rk 16 RksOof one inplementation for

i npl ementi ng replication includin surr%gate, .

r E&Qlc at |Hﬁ’g 24dg justratgs °Z’€9A“FHWG§$?EP%§ 3pdating kngyledge in a

(] ' [ i Fml-ament at i on.

ofpph e R ) AR REgh e AT ot | o

sd@3Hr i osFIG AR illusplataseteainmpdememation lof DpoEsoRkRIwiddge in a

.36 or, t he 0ses,. of. promot | .an. . '

PHPORREY By tarpTel §rori o /B arpflpd HREEhER e Mhowicdee

veé&orgpde to the enbodinments illustrated in the draw ngs
and ‘specific Ian\%i‘? e will be used to descrihe

he )

sdf2l 1t WG 24 S\ ITPIEmMERIALPE ixiafing gowledge in a
phitidigagt Is4Bs&fueht G0 S& MRBlidation MHRRY ekBétitRdexifN¥n the updated
altérations and further nodifications in the describe
keeslsdeerent s, and any further applications of the

pribasg pl ' ein : .
NS hormicfy3 REkaRE s Rabah<fbes SARIGHE oF bBE ifplementation
forimpigre¢gingmplibatiaemchidigisurrogaberepéinetianl. cont ext as

o038 S5 et SRR A5 PR i one
ifipRafehtdtiones, but the system al so serves other

purgoses in addition to these. In _one inplenentation, .
o838 noFIG.of268h dllpaizaies Riber Foefligth ERFOHEY (FCERATIQse in oOne
i PRhfTERogd as features within a synchronization

llJlr}\m(‘}gram such as M CROSOFT(r) ACTI VESYNC(r), or from

any other type of DENAHACBDESCRIPIION: participates

a6 "R R AR PR S b8 ER of b principles of
e atiehtion] feférehce aril nowlbenridedo ake feastiodimentsi itlostrated in the

ot her . . .
drawings and specific language will be used to describe the same. It will

nevertheless be understood that no limitation of the scope is thereby intended. Any
alterations and further modifications in the described embodiments, and any furthgr
applications of the principles as described herein are contemplated as would
normally occur to one skilled in the art.

[037} The system may be described in the general context as one or more
techniques that improve synchronization of data between various devices having
various capabilities, but the system also serves other purposes in addition to these.
In one implementation, one or more of the techniques described herein can be
implemented as features within a synchronization program such as MICROSOFT®
ACTIVESYNC®, or from any other type of program or service that participates in

a synchronization process between devices. In another implementation, one or
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applications that deal with synchronizing data across

devi ces and/or services. The term nobil e device as
wais@d/opmseei n is nmeant to include cellular phonk&T/US2007/001394

personal digital assistants, portable nedia players,

voi ce-over-| P phones, and nunerous other types of

nobi | e devices of varying |levels of capabilities.

[038] Figure 1 is a diagrammatic view of a

synchroni zati on peer participant nodel of one

I npl enentation show ng a_graphical representati on of a

mpre lof e teahinigues describedy hereim jarg amplespsed as Jeatyres with other

Si .e rti.Cl . L G ' I :
By ) CRURIh sfflonGEIE AT RRH:b UBRES anli | 2fvices. The
tef@Pinobie rdelizre asousisl hemn dndicent seindleds celiglar phones, personal
arfici.pate in_a. syncheonization WL Y, I
afife EriBanG Po-Ral Bt b ERn TebaTHE e it jang, numerous
ofef typey of mobildelesices of vhsikg eweBdfeapabilities.al so has a
synchroni zation data store 16 for storing th§ actual . .
dd038k hat Figase §yhe Miagrpetio i of 8 syprhpization peer participant

miodEP IR he nirﬁﬁle%{e?%[ti&nnfs%% QN g@ﬁilﬁéhlSYéiﬁbf,dm&tlidliﬁ of a full

anong devices. A few non-limting exanples of fu
paticiiant 14 tes partiel maetigipang o and gptitple pagtigipantp0.s The term
S h | L i C@Si ba refer t
PRETABL BB BRI e, oY T Bpeicplth oot refer o
dikviowd efigler ebd0¢s Eaathpdrticipapaiin iac spashtromgativmicesamunity.  Full

R s U AR, 2.0 AR L e

khéwicazenuatli s8o hiss a\whrelgenizatitietiadatore tlodbr stesingitheactual data
t he changes that are known to .a_given partjci

) . Rapt. . .
thet owpe Gectiayized P as sonEgt daformplien i eﬂlebapﬁgﬂmlon being
s%@?&ﬁzémg Be®BE) NRIfEwORoNARERS lellamPRISCSEMAIP pArticipants

eplica ID and a nmaxi numversion (replica I D, nax .
incdnds meysonthecompiiens, comsaiiRA sy sompuRbiopgs,gsome other mobile

know ed vect o narthci
R o S L
knesbepdgeEusctfoll pajicipesn nizdntaiysr Basadedgd’T én enkhywladge data
i s advapt ageous f.0. conci sely.represent the changes. of .
Sioh AFPatAGAHERE P P ol PIAod EPLRANE TREPE Aabjpgrentation,
KnB Al doRMRNinekdtita thet Badckibesthe dHaautecdgr sRekhéwaadd ¥ given
contain a change ID for each participant in_the syn?1
peuivipanit: yKnewiadeei payiths rapeeseatededfod Yeckn ¢f peiks 9§ change IDs

vm%?é e%k? %rairp?l; %g%}%%%sr kdseRQYa kBAMa B dddl & maximum version

nt or mat i‘on tively represented by the
(kaplink dBgenad versiomar Thae hwasher of paing irskmaréeylgr kaowladge vector

artjcipant 10, . ial t]Ci ' .
R ERCR BB LR PLPRBhOR0 b O Bty
While Vi knpwlddigalvepiirtrhay pBotbe2éNpasssed différently, {tds advantageous
tqlblgi%(gigq y%‘glln‘lelsetx%)thet ghéjnng(cjag E)? ‘\:V?‘lrlltgl :El?)grt{éﬁ?a\{'\'{p%ggcelpgnﬁ'is aware. There

is no requirement that the particular knowledge specifically contain a change ID for

each participant in the sync community. Participants are relieved from fracking
what other participants already know, as this information is effectively represented
by the knowledge of the participant.

[040] Similarly to full participant 10, partial participant 20 also contains a
knowledge data store 22. Unlike full participant 10, however, partial participant 20
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partici pant includes a synchronization data store 26
for storing the synchroni zed data. Partial participant
WO p@i700sd6 a ver sion data store 25 for storing PCT/US2007/001394
information related to changes it nmakes to the
synchroni zation data store 26. Non-limting exanples
of partial participants can include sone persona
di gital assistants, phones, sone other nobile devices,
and/or ot her types of devices capable of operating a

ram hat tra chan t
G S gee T L%k SO SRS Robage 26, parca
pRAEidaat PRMded0a RGAciEoRLAGEH ARt 8ot N6 0RE %tcﬁririg ehe38ynchronized
and ‘'no know edge store. Exanples of si nE
dgfar tP@rﬁxphm@lwtun@pé%a visrtion datan gfore 27 foE Flering fpgmation
&{l%g{fq d‘fﬁa\ﬁg?s ﬁg%é( sgﬂél'gﬁmzﬁﬁgl[x Yt 528 ﬂiev'l\ﬁﬁ?hmltmg .
are n Fe “of operating a sinple program
exdmples r@ﬁ: iparteh apgus:paaae caw isgludhr some gidrsomadi adigitsk @ssistants,

Mg T TAE L TAIC ST —

op&raving a&xﬂ&@ﬂ@ phégrhinCihaa Racks chages Inadden@rﬂxlecsyhah]ﬁonﬁh,tlon data
and ful | part| ci pant 56 have one or nore

stoFaf@ct eri stics. Sone of these characteristics were

dgs4i) bedsirﬂ%ltehﬁargb%ﬂtsgo GHhsOf sﬁh&%ﬁlzauo@dma 8tore 36, and no
partici pant exanpl e, is unable to store

kmwwdea géorss Exgnmnieeohsimnle pprivipanss eapisiudegput are not limited

hr o Iﬁhn@%?&’ Vglo%l%r ﬁ gjf&ga&tr{l%: %“5’2@@ %g%%esbmat are not

cahabﬁte nﬁbperaﬂsg atsimplekprogtand dmt GackPehianigas nEdetto sypehronization
d54 i S Oc,%pabl e of participating in a multi-mster 2-way
WP zati on 64. Alternatively or additionally,

paoup! PFOEHif F}ﬁm t84Fil FﬁreC apabiabubir wpreebiatiodi 3 ofthe peer
t hrough a han on a part|0|2ant In this

prEicipash mostel i gh O\pjar tSipplnpartispant 5 ap%rﬁabpwmpant 54, and full

pgﬁfc'g.’m&h t BBUHaDE onl & HERABEFCRER L OSBRE' fstﬁé‘s@aéﬂapactenstlcs were
one or nore full participant deV| ces.

dpmrtbledl mpmet dxsmmmnsoﬁ &gy nlc hiSamiplee pmrtlcltpa@écﬁi, cfph eKkample, is

h.t us artici t
opaE e tsifioen Pt dripetERElEL epibleafavigronizing 60
V\ﬂ&ﬂaﬁm’iglb qupaiaeticipat Mubugh m:t?hérer.Z Rm?al participant 54 stores but
synchroni atlo t,70, ,and_can.perform peer to
43ty AP SHASdES. (204 AR PRSIRAgE Q54 16" capable of

dHRYSAMFBGH Ca VIrRTY-Master S ZRE é%h%tl%MSEftm 8R1ternatively or
ponggllsrrgilrégnen?atl or11 W th hanﬁg&{rygl for interfacing wth d

addigiovnllyunactigparticippaini4 teapelels. of synehipnizing:66 grrough a handler
ogpgl hﬁ t a?ﬂmﬁgnf nck&'gﬁ% ‘Taﬁ?f&?h Qr[ﬂfa? ?F;dlg{:]lga?t 54 is capable of

or ches engi ne t hat espo
paftmi);baingngnt henfaymgrm qmez-al-pw lsom@rismtingugh one or more full

participant devices. Thus, partial participants can synchronize with each other

through the use of a full participant. Full participant 56 understands and stores
knowledge 68, can participate in a multi-master 2-way synchronization target 70,
and can perform peer to peer synchronizations 72.

[043] Figure 3 is a diagrammatic view of a synchronization system 80 of
one implementation with handlers for interfacing with one or more participant

devices. Synchronization application 82 includes a synchronization orchestration
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partici pants and transferring updated changes between
ot her connected participants. Various handl ers 86, 88,
w@pe700788¢ € used for allowi ng the other parti CPEEOSE0T/001394
t he synchroni zati on conmunity to comuni cate with the
synchroni zati on engi ne 84. The synchroni zati on engi ne
84 comuni cates with handl ers 86, 88, and 90 through
handl er interfaces 91, 92 and 97, respectively.
Handl ers 86, 88, and 90 then communicate with the
know e stores 93 I nchr ni zat
uigy oS reRBr b S APEITS e BIF SupPOFERIOE 465 mons
patieRbtstRidararisferaipg! upziawde;hahgbsdmwbéfpb&ﬁe Bbmdowi pzﬁﬁelpants
or nore of the data stores shqwn re 1

F
Viegint BandlariQ S #d0HP asrused fo alaggmedhe O FEOIBARts in the
ﬁ'E:o Bur iz dTRIE c S BRI L1 ESRHIuRIatd WilCitleCimchiditAtioiSengine 84.

wn 1 n Figure 4, "an exenplary conputer systemto use
"Ihg synqmbmmm AngionS4crommueicpigs mathohandiers $ps B8nand 90 through

(ﬁ'ﬁﬁu?&ts %eesv ?ﬁ)gtdfogng% ¥ Spe%ﬁgplyasﬁﬁ?cﬁét%n?k 88 and 90 then

I'n’its nost “basi ¢ configurati
c6mfmuii¢ang wigthe &nbled gepitarab B9 and Sy tiesl sgmdhwnzatmmdata store

LS A BB T BRI, o
xﬂEIEB{eYlté]tQﬁ‘l W 09%81‘3 &t thle Qlafeﬁét@fbs&ﬁm%'\% Figafe YOhthi ds€remote

(such as ROV f nmenor etc.) or sonme conbination
spiChrpraZatipn d'ﬂﬁ‘i %toFﬁagﬁ Bfés%éaté@r% ORF Qf TRYe| Pparate computers or
k%{ Ustrated in Figure 4 by dashed |ine 106. [045]

dditi onal | y, device 100 nay al so have additi onal
f f@ddk es/ A@ns:hqmanl]flgurel:ér apxexepipdarydeqthpeter Gosteny to use for

i ncl ude addition I
“??8??‘?%‘&6‘6&’& S TGRS ng, il%u’?sq not‘ﬁﬁﬂgé?g g?gﬂa{ﬁg& Siep; such as
p@fsloﬁﬂt d(ﬁﬁﬂ)l&tﬁ‘l@ﬂ?l@é 10&2 drkl) itSundst aﬂg:ctdomﬁghrastiomi ngp’ug'ng device

i |lust in . Figur renovahl e stor an
138 n e {Yaﬁp%lug?% ?acfg eaph d}/neC(Fﬁ‘b"(fF%‘PgsP‘a& ngn@rgf Jguemory 104.
eg)n (?igl Sonvﬂieaéréécﬁ coRSgiranuPbad i of %miéﬁ‘t%ﬁ daévide, memory 104

e nmedia inplenmented in net hod or

masclbmwl@ggp (fsgﬁh 86 &Aalylé mn-mlpt;hﬁtwlb As B&LM Hash-mepiaryy etc.) or
ﬂ%‘ %gqbei‘nétflo‘:i{ P Tl%g'il‘?os% Bﬁ%g LUhfiSura gﬁﬁ’ S Af¥strated in Figure
ata. Menory renova

s ot er e storage
4]1558dﬂhddﬂiﬁa -l0émovabl e storage 110 are all exarrpl es of

lShos, AHEREEE [erFon 10 RRRY RCROEE additional

f&étﬁi%@/ﬂiﬁ‘éfﬂfrﬁéllw Fbﬁ@farﬂiﬂ%@('léeemmﬂl%’ 9]150 lﬁl-uaaﬂkidltlonal storage
igital versatile disks DVD or , ot her

(sropvagls S er-comaER N BER g Bt PORUPECC i gprgnctio or optical
%%lﬁe(rns ?’@3?8 gugfx A diesndTea5REE Gs SlIAstRAEd qﬁVFl(gﬁfe 40py &Bhovable

storage 108 and non-removable storage 110. Computer storage media includes
volatile and nonvolatile, removable and non-removable media implemented in any
method or technology for storage of information such as computer readable
instructions, data structures, program modules or other data. Memory 104,
removable storage 108 and non-removable storage 110 are all examples of
computer storage media. Computer storage media includes, but is not limited to,
RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM,

digital versatile disks (DVD) or other optical storage, magnetic cassettes, magnetic
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whi ch can be used to store the desired information and

whi ch can accessed by device 100. Any such conputer
wataragms4eredi a nay be part of device 100. [ 046PCT/US2007/001394

Comput i ng devi ce 100 includes one or nore

conmuni cati on connections 114 that allow conputing

device 100 to conmmunicate with other devices 115, such

as full participants, partial participants, and/or

sinpl e participants. Conmputing device 100 may al so

communi cate with other conputers and/or applicati ogs di
tape.3ma Desticcdish BOTHER O IEE MAPRSHRPEAATY B0 APt aRedium
w%?chk VP Ba" fhed BUSiBre BRN deMRIICHitbMRAtiond 8V Gehich Waghaccessed by

nput device, etc. Qutput device(s) 111 such as a

deVispl 6., Asy satherampyser stomge reedia mugnbepasbobdevier Lted.

T devjices are [l k ] e t an e Rhunicati

bgggﬁscus g@pgﬁng e\rgg}”ﬁeh:eiragey!1 ‘T‘gﬂ‘%}' I&{?n e& T8 Loithunication
corRlcasRNtIaki tiRr AvP Wonfmtiey dedcd AD0s 8y woprasnigateuitith other

participant device_for inplenmentin ne ar.nore of e.:
dedgemi hires SHFR cBS sgﬂp hRFEPRantsy, %ﬂ%ﬁpa%mgCIPan s Sla/bf Csimple

| }ﬁﬁ?ﬁ.‘t ebhPuting URd Q0 HRYI Ao E6Mnaniiéae Nt other computers
pélgﬁk roni zat i onmgp l'ication YIZZ wi th a synchrqni Zﬁii n
and/ohepplications idgi Revied10Qmayeplso have inPRvHSAeR(S such as
SV 84 kannsed L#al 1 18RcHRpat 84AEE, ekdb0utput device(s
kg}ﬁ%oair(rlfp gfﬁ%hpg?’%oﬁfygﬁﬁg‘\?\daeﬁge’ dat a ‘gtore 12’5 and/g{il _()
13y nobis aniazdisplay, stenkerss printef.xgc.amay iatsel heiiglededp gFhesgrdevices
conpyter storage_ nedia as SGI ' ch as

Bl g inBeay A aces Beb e Sahses AfleRkthhatol

stpagpe 110, o) dhlertédiation; oopmpeting tdevage 19€diserves nas a full
one i npl enent atj on, synchroni zation ﬁﬁeﬁ' i,cation '1223éc§herein
pefticieantdexise S uRPISHICEHPE GRC 8 BIIrE af Firte g ghe N SaHt -
! QidhCari lp(féliﬁ];nt-gﬂ{)ﬂ,' REnpAWIE Cddvidi! 1160 Scorthins CON¥ynohwedization
reterence to kFigure 4, a synchronization application
apPhcafonon22 i wish earsiyneliriopization j orehestretion gengipe Jdd, as well as a

[ lLepentati o S hr.oni zat.i tcaty 190N
PRI e 5] 0, 2R A7 o0 408, oo on
ifpVérBentdfiéh, Aldveledgt idutd storer 126l@indioo rsyhélronimation rdatgp store 126

parts of synchronjzation applicatiqn 200, can [,
as¢ ingluded, %HﬁqyoéggppWrogtﬁagec # & Sdegﬁlay%f 11%?61}1, such as

ABRbHF 304 0PSmdable Oiordkb €1083 Woh-reiidvableoBwrage W00/ dnd/or other
occur  to one in the conmputer software art

rogE . [o049] ..
Symutierostoregeiropdiap Jini engt fraplengotatiopy Ebﬂtcér?ﬂl%@tfﬂé;ﬁli’%qat:‘on 122
20k %'ﬂ)n' PRSI : . X
18%‘%?’]6 ?Iec nl%g{les&g{eb?c%p gdt%?]n SALKAVR Bn TgurePE Or a

erein. Programlogic 204
i ngd48jes |Tghingf nowr egiFigueei hovitlasdhénued oeferemen to Figure 4, a
devj ce._and/ orservi.ce partici. he .. - ted. T
PRS2 mf)‘#‘%e%@o 2’3%?“ 6g.|%g&?%r a%%?égtllnﬁléﬁ? e o one

implementation, synchronization application 200 is one of the application programs

that reside on computing device 100. Alternatively or additionally, one or more
parts of synchronization application 200 can be part of system memory 104, on
other computers and/or applications 113, or other such variations as would occur to
one in the computer software art.

[049] Synchronization application 200 includes program logic 204, which is
responsible for carrying out some or all of the techniques described herein.

Program logic 204 includes logic for registeriné handlers for each device and/or
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type of device and/or service connected (sinple,

partial, or full participant) 208; logic for receiving
whperogmge froma partial participant, maki ng PCT/US2007/001394

nodi fications in event of exceptions, and transferring

know edge back to the partial participant 210; |ogic

for detecting changes on sinple participants and

storing conflicts inits own |ocal data store 212;

logic for working with other full participant(s) to

synchroni ze changed sets of data usin 10 edge 214; . :
SV db ROTESIBRE dPoiiig G LT Rp, orS 2P Bite Findetocting the
tySd REIAeZad/oN sévR edithepted! (sitpsiel partialongadl batt t) 208;

ot her connected devices and/or, services 216; and ot her. )
logisgias TEeRIvigKRRY kst fom gprartiak PEHcipant. mygps madidations in
e\)eHH;P ﬁbhé’,%dﬁ{réiﬁ?&ﬂh%%b@d Hatk Q6 ShéPhtial PaliRipant 210;

call'ed programmatically from anot her program such as.
logki fog detesitingl chapges on slrmplsr preticipaetsandpstergns sonBigte in its own

204, Alter iyvel r 11l Fd W .
tofil iaph ot T2 LY SR w A LAY altf paMitloafiRte) tq synchronize
chadiged isetsadf gatharstihrdowibtdge 2idypogierfox perfoaining orchestration to

instructions pn on in

. Or .nore Go ters .and/.or
cqmipleis b DRERDAIRON, IO0P SROWRLENUPFAIEH cclingpt dhqiween other
cdTin@bied dRvices aniod Belvede8!21Bf e sthef lapie er&ﬁfe@éﬁﬁ%ifhe application
%{nchronl zation application 200. In one form the

-ocess of Figure 6 is at least partially inplenented

iCZ()éd']e og%r &id MpleBintatfin, GROREE REidS0UCR %abl@tﬁfﬁe called

mput er s/ appl i cat1ons 113, and/ or ot her participan
progransmetidally, fivheanutherprogramcsyich asarsing asmghorall tegprocedure

. W th the partigi pant deyj r VA oy i
o bR B8, PRReRE o RS, ARl Ufadiba e
progkirh dogiy 204 SdanWalidrnitieclg yorc hdditiozaly be embodied(sd agmputer-
242). The device or service re istma.h;&ﬁ] er or. . h
CX5CH DSUREHRAT AT ARG RPTHCTARMES AR B iR £ALFH* EpgRitpms than
sHRwit BE Figllrk gpar ti ci pant (stage 244). The
synchroni zati on engi ne detects the type of device or

sdfSllce (Bigure62is6) highdewtarocass flave dipgreppforaswnchronization

ti [ d fe - .
TR0 07 0N B sl e KR s, st partialy
infplemieaiedn joi tite 2609ratiog flogic (decremputingi meviks2) 100, other

F Le, .if deyi ' | S. i.pl
cBprBeTRBas | hESEer Rt sAREIRD defeta LD o proceaure
bénK BOMhRGEEnH ZHT Withome Rk tidipad 8evidehar styviel conneaingao a full

engi ne detects changes qn the, sinpl enﬁ)arti C_Lqullrét, a&d h
PatiseEt 4pKchc ejﬁqulwgqun deyigeolitP 16 csomeanebilt gewicsr with the
sydeBrdntbdtitEddift R@dke CALRIThe dbviddar bervice! #68ist#6r¥ 1 £ Bandler or

or service Is a partial participant that has a .
otherwise communicates with the synchronization engine on the full participant

(stage 244). The synchronization engine detects the type of device or service (stage
246), and executes the appropriate synchronization logic based on the type of
participant: simple (decision point 248), partial (decision point 250), or full
(decision point 252). For example, if the device or service is a simple participant
that has a synchronization data store but no knowledge (decision point 248), the
synchronization engine detects changes on the simple participant and stores any

conflicts in its own local data store on the full participant (stage 254).

10
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synchroni zati on data store and stored-but-not
under st ood know edge (deci sion point 250), then the
waelewroe78e¢ servi ce provides its know edge st orBCT/0S1008001394
synchroni zati on engine on the foil participant (stage
258). The full participant makes nodifications to the
know edge, such as in the event of exceptions (stage
. 260), and the full participant transfers the changed
know edge back to the partial participant (st age 262) .
The know edge carried on the parti al tICI
dé¥82e orlf s%?%‘é%’lcaﬂ%‘i/vssef‘f‘c?olssa"l‘ eﬁ’agfeg Rk ?’2% et phas 2
)gighﬁdnﬁ%a?loﬂaﬁﬁ I Stor€ VAT WBEH-BUCER! LANGsREAUknéWIeA4E (decision
evice or service is a full participant
¢1hat25|%,s thers ythe hdewite aari servifgt reidese itgndmawdesigst stose to the

o T B P %hat 0l e 25 Al

nﬁhémgﬁdhﬁ&ttbr@ftodab dnosiledpek soolh aslge ths cage QfBav)cep(mns (stage

r. nore inplenmentations for nhr0|2|n
200 Fo dne TRl PR D RTSEET (L AP dTIof o DRGS Lo e partial
pﬁ%l@ﬁ)‘dﬁ? (é@igco%ﬁ' JPR& RndwledBe c[aﬂﬁﬁ] oxﬁﬂfe%ardﬂt Sdrfitipafigdevice or
¥ of participant the device or service is_and
smwgm log/sohbmeadfelyyachioniaei o mHEBIE NSy, CYeRevhen exceptions

o?éﬂ?c{yt%g ?ﬁe} OnyL U NRvidaer fs@H19éN~°1s Oe[ %ﬁsbﬁﬁfciﬁb?ltttﬂat has a

synchroni zati on op a pu updat ed
yatwngasathm vetanstotehand @@met@rmarprhwd@rs@ads l@@\v‘fle%\3 (decision

P3B255) 50V R 3805y BEBEERD Rl e s

of | datst ﬁs’ihg N@néWiedgeagasgd rB6s).vedOha opdadien gn@ﬂninentatlons for

synchr.oni zi n ata usi artial art| ci t.de
YRGS, ({o0h RPeRP Bl GRRRRRE ) SorRaag detsil in the

dge{,gsl,@ﬁ J)lypgémggq@%ed in the operati ng I ogi ¢ of
nputi ng device 100, other conputers/ a%pl i cations

1][953]an d/ Aﬁemdhtqmmng.thqz pastofieaytieipant)the deyjge or service is and
8
hgncﬂ%negd l&xg.ngeiesl 08 % LR tac&ﬁliﬂl? @2, the s%?%kﬁﬁg&g{g{ng Oerthine then

par cl pan eV| ce or rvice _
feltovse oi‘cﬂ‘resﬁhmm ng ampletecthei gretiraurdtiop bop and pull in updated

D A RS TR A Bl 0

' ”I(h%ﬂp%ce!sg‘eﬁdé/%ﬂapmﬁiﬁtww and/ or other fashion for

tracki ng changes the foil participant(s)/master(s) . .
haméﬂsegnflgtgg dgé azmess,eﬂg‘@\m%ﬁr% il WT(S?%W@% éﬁaﬁé&%sm&?l"ed In
u?ﬁ&t%d’%h?&rﬁ%ﬁ%a‘t@ 4iHE S pRRIR PURR ISR bR, 18 %HE form, the

some nobl e devi ces such as sone PDA
paoutso rof sBigerep oise st leastl partiadlyhsnplgmentssls i the @WI%@Q logic of

BRI 5o Y Pl b baricipn
dénides 9113nd Theeprocedure begins at start point 280 with providing a partial
participant device or service with a data store for storing data retrieved during a
synchronization process and a version data store for storing information regarding
changes made to the data (e.g. in a vector, string, and/or other fashion for tracking
changes the full participant(s)/master(s) have seen) (stage 282). A few non-limiting
examples of partial participants include some web services, some thumb drives,
some mobile devices such as some PDA’s and/or some phones, and/or other

devices or services that can store knowledge but not understand it.
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know edge, but sinply stores it (stage 284). The

partial participant receives a request froma user to
webangerssome or all of the data in the synchr oPCES100TI001394

data store (stage 286). The partial participant

changes the data in the data store as requested by the

user (stage 288). The partial participant is

responsi bl e for tracki ng what changes it made to the

data, and thus stores information related to the

(308" 2985 navigh@artipette e (. KInEn oG aupigtand the
KRRV icliSs, et signpl¢ m&rég ze3stabé 28a).f orhe @afttdl qjmanﬁ PReives a
Tl

synchroni zati on t akes place from f uI I al and
regaesti fiomtpuser| o ¢hanggsopyr all gf ghead ?‘ﬁ*ﬂlﬂ fyBshKgRization data

1 QN
S Rt S581° BEPPERAT FAREIBN, UAEHY B 38! ke ki e o
resiyastbd bpithatsar(stage 288). thapmial B@‘tipm@gt Isirespangitile for tmacking

By sR 5  E DEL AA P  Wgi g o changes

tHa@ it tade Padedi ol ﬂﬁﬂiseﬁ&&edjlﬁist (m@dzm ﬂh&nfelihiplementatlon when
parti.ci pant. (stage, 294

g o S S8 ) Bl Bt BB B s
pﬁeétff&h&ﬁnttoaﬁéram BR® Paidl do FOY ﬁg&lz S Ihs&ﬁagﬁn Bi’fentation,
The process ends at end point 29 [ 056 gure 8 is a

theso eessEve Seneraficateary @yn@ﬁenﬁzmrtsweht bﬁnplementatlons, other

oic{elr%‘zﬂc{/ rﬁ&#&ﬁﬁ%ﬁcﬂg&%nhﬁgéj haeeflsd gosléﬁzﬁé %chhd% aoélﬁél'e%ne-way

rac nges to the data by updating
syrmhmrdzammh Buriag syndkouwatlm,cnnycnhaeges thehatef inade by rthe partial

BRI FY° FREe SR otres 1t hEEePs(fa 2857 C e ful partcipant
up@AtBs tHe @hts 16r6 end Q@mwﬂédg&:" o1 dippdreinspapipipaaabiientesolving any

113, and/or. ot hg{‘ parti ci pant d Vi ce%‘g%w. The
coniicdsiage B88) nEhepragess ¢o cﬁtﬁf‘ BOBtYPh the parti al

IR L kA e I
. fipastages jramotvedpitahesng Hbe wertisl mﬂdrap@tstr@keclwéxg@ﬁ do tthe data by
RN, 108k SuBDANGS IR LY of YALi s At TorfBrm, the

exanp everS|on ata store ca
pujed of Mighte & rsemt leask pa:ctmmlly inmelesiented or the bperatmg logic of

identifier,th ntifies that the re d
cRaRERE ciicel Qi St hprecorpgefshgpisaiiriset b ol e pegicipant
d@ﬁi@@s 1he chahgRcedit® bagdihs BRLtaitHIRNS00 eads tHehpartlal participant

changed tick count or other identifier tqo know

being eaparisinle der Taeling witdd chavgrdl mpkes Ffbﬂﬁ-'aﬁi%tﬁ &Ftage 302). The
pgxg%tl p%ggc%qﬁlﬁ(\g:‘d%% $8%ersibh St ?f &3&% ghafeltt MGt Alchange

re 91s a process I agram
océurnst (saigenfg)tt)h eAs taafyes nomliphitingl examples, thepyeriont data stere can

art| artic I
R B P B YR hE BB AR B s e e
réddild ditlaggéd rdioar thab ada’ftﬁm}ethel hasbrlevicer of service that made the
change. The full participant reads the changed tick count or other identifier to

know that the particular record was changed by the partial participant (stage 306).
The process ends at end point 308.
[057] Figure 9 is a process flow diagram illustrating the stages involved in

one implementation where the partial participant tracks changes it made to the data
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the process of Figure 9 is at least partially

i npl emented in the operating |ogic of conputing device
wAa®y/ogmsier conputers/applications 113, and/ orP@OI/082007/001394

partici pant devices 115. The procedure begins at start

point 310 with the partial participant being

responsi bl e for tracking what changes it nmakes to the

data (stage 312). The partial participant tracks a

uni que identifier that identifies the replica record

and a date/tinme sta cati.n te/ti,me of _whe
byt srRparatelyrionRg 2 ¢ ﬁ%ﬂ’fap é gﬁ dg%as/tlm?ﬁﬁr ?‘m ghange. In one form,

thBHrbé &k R §s & féa!dﬂta%@ll%r(iﬁﬁ}léxﬁéﬁéd&ﬂdhé Ia.ge,ratmg logic of
date/time stanp to know that the particular record

camartg@:ld@atcgg@ 3eder corwutupRppligations gdd: anerdker prsticipant
dervé%ets devi n?ggcﬁ 8% ervy Ic? %g Hgl 2E:thsg?{nrgt] ?B?ﬁ ej 1r ec 'ci)tpdﬂhg Mﬁ ?arftlmpam
betxhg sespansibies fdrhteacking vhht grangies itpanakes( ot thgalagl @)ageﬂhla’!) The

r.oce ends at. end 0|nt 0 es. 1
! lugél“?‘glp fa @aﬁﬁf‘ S?tép 1e nJhanJePFrg% Ehpearr ?18 ip Gyd and a
déi@fﬁln@@ s indi€atipdite ﬁﬂéﬂtmﬁb af vt &i‘e reodid matalmngm/ (stage
the partial partici pant devi ce accor ng tgﬁt Ef
349s cFhedullingeripsigentereds the pigue igent dgtg/tipng stamp to

r D-1irlefufl d
0 s B 5O 00551 D o o

pa
thchaﬂrg@mrtt foas ofdwodqntﬂéwdhat ldsnfaﬁeq theldastdayice piosefvicgto change

OSSR T B LI Yo GRS s

ex&&4at eadpoBFBGF20r especti vel y can be stored in a string,

d/ or eofr resentatioq
o581 o Pisnts, S onBRkals, BE SompREEGSRE B h iy participant
dbvibé bfidr & AloAdRcAidRAI! AteR MEGdIficatiObYy ﬂﬁSpart’-iSl participant device
descri bed previously, numerous_other variations can
a@ﬂos@nséo thestages dosaribed @ Figate 3 upps toplgmeniationgresard 330 of
re PRI ihAhaR2ht s egmé“!xﬁa hfda e £7RROESNt[ B 334 of the last
rning now to ure 11, record 343 shows the data
padfticigrant thaty asaxtwelrthpewqédamya dm@l tink chentofieldifar when the record
art ip dca | e
e gmPBe) Patban e TR ARedR (0 PR P a2z in
f%hﬁ 3350384, add1836) féép@diii/&ly éanebd sﬁﬁéd af atshmg a&btor and/or any
corrput er that changed thi’ gcor d has be h
ofheg hyRe | [FPresentatpg  sYRle Jr Boginse o1 evf?fs °’i/ 5F{Yé°68f aving
hrr%ﬁ st&%gg):a abit§ an@or' r@&ﬁ@&&n t&s 8&RriBad biSiP@ly, dudérous other
made. t he chang , and the i s the next higher
vatathens eamidlssbibe nedt ke lthhektec%htaepa@wwn@@mdrw@ the partial
nit cane fromthe full
pa& 3%%‘?%‘%%?8 %&%G remai ns the sane val ue of "34"

( 3[559] [ 06m‘}mﬁng upw toFigiteubt, redozd 343 shewsphedate@fiey itdrs been

rev1ge6cl{l§3|/ 21|1d Ba Edtxel Sm%%ppargimpang Replica ID field 332 has remained a value

of “X1” (350), since that is a unique identifier for the record. The tick count field

334 of the last computer that changed the record has been modified from a value of
“G66” (340 on Figure 10) to a value of “G67” (352). The “G” represents the
participant that made the change, and the “67” is the next higher number available
in the tick counter sequence. The local tick count when it came from the full
participant ficld 336 remains the same value of “34” (354).
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prior to nodification according to the stages

described in Figure 9. Simlar to the exanpl e of
wo-e@anegs4d0 and 11, the record 360 includes a Rel/us2086®1394

for Replica ID field 362, a value 370 for tick count

field 364 of the |ast participant that changed the

record, and a value 372 for local tick count field 366

fromwhen it cane fromthe full participant. In this

i npl enentation, the partial participant updates a

separate change tracking record inst of cord .
WIDBOI; ho, FIERER 12 SRt i ARt N AR ELRAre hdevice
plégfto g)%& Q3h z{?:'ébfiﬁné R fHRMthddsaddsOribed il F%ub@ derdiptinig to the

e partial participant. Record 375 of Figure
eﬂz&np]lequsl?tlgateesl Gaand X hntbe ée@qré@@@ ineldrs pgyatuscH fq;riR%Phca D

f%%&? ! {{)%rgt LR ttxc%eci\guﬁur S 264 ke Hs@ﬁgrt §Rat changed

recor accor di ng'to
tied @gonl, dadar vilad 347@ for go,uabtlgk cohuat field| 3éi§afrbm Whenat cage from

and ate/tlrrefl 376 f.or e re
b S ahBhetBE e O, VSRR GAERREY e o

s ﬂr!x't% chshge %%gkin%l &E&rdeﬁstfeﬁd ofhiee F@@lrd edtiEme3dek cant. Record
"01- 26-06-12; 32P 380 is stored for the date/ti

360 ahqwme rowrel W the oK AOUBhPIE (D ARRIIFIER{on. 8h ek paderlying
dap dﬁy ttf ltﬂ)ﬁlggﬁgt Rgotd'Bhs Rﬁfltl'gﬁi'do@Btlllﬁ%aitbﬁ\éﬁsexample

srec 375 to determ ne that the
cmiigd ﬁhclmg f¢®lr¢ anta paxtiel pirtinigpest deyiechhat ifdiertragknghanges made

n the chrani za j
e ad'S, RUABRIFY KR bR, Fhpecaslitf Pt 0. e
611D ﬁeldd?j%ﬁqmﬁaue&ﬁge ﬁeRl&Uﬁ)fortWiEsri msuecpudtoheng@dme stored
at changed the_recor case
W@Wﬂr@%’g%aﬂh el example, Y4 q}{q g%& 32ﬁ S Ftﬁéecﬁfég{ e Rephca D
3?(‘5‘9 RES <b1-26-6624832BNFDS80 isT&tBrddORR lthd uﬁk/tﬁfw fitld 374.d When the
I's revised to an updated val ue 392,

ralpimlqmﬂlapent Tens saangels 388 fll pesinegp) ﬁhle duflpatigipgnt retrieves
g\ﬂ)re i LS bRE 35515 deieprgﬁ]e fraftHe al'ﬁa! Blp%ﬁ@fﬂ&'d@ cBbnges to

Pecord stored on a pa artici pant
tﬁe\ﬂnﬁerlpmg dah lin plae symchparizatibey date stQIp OFwmning now to Figure 14,

| I h h
%?&ﬁ?a%foé&%gg :11@21@%? zﬁgglgl( g:oépf k“”rd %%l}é g ?Qc\ggg % of the last
He @hﬂeﬁxah hRhgbd Wel ey, WAscB IR, thrﬂ'sOCEhsc 492‘665ﬁd04ﬁapresent the
I ndi

ating the participant identifier and
panmia:arﬁ@pamr@io themerhhighesticlngeuni awsie 1 he dasal sk count field

}(fgiglg )reﬁé%dn é)u%rﬁg?ﬁjaﬁﬁd GQue B9%, @%BPRIpRiate! A hiLyalld B8R for the replica

I's participant has seen all of the
Bhﬁagb&ﬁﬁmnainwtma@et hrough record 100. These

d t d . .
G e
1?21@( a5RsSoff fllpdttisigenrdevideufor oat iimglententaicy el the example

I NVo

Siont éﬁga}illg up%g%%gc%-rd 3@% synchro 'é' ng dgta usi.n

herein, with values 398, 400, 402, and 404 indicating the participant identifier and

is’represented as~a string vecto a8 described
sequence number for the last changes that have been seen for that particular device.
For example, value “G100” (398) means that this participant has seen all of the
changes for device G through record 100. These knowledge vectors are described

in great detail in the discussion on Figure 18-26.

14



10

15

20

25

30

device is shown. In one form the process of Figure 16
is at least partially inplenented in the operating
WO o@i7o978fic conput i ng devi ce 100, ot her PCT/US2007/001394

conmput ers/ applications 113, and/or other partici pant

devi ces 115. The procedure begins at start point 420

Wi th providing a sinple participant device or service
that has a data store for storing synchroni zed data

but has no know edge (stage 424). A few non-limti ng

e les of s | e dey]. ces cl ude so
SR o Rimitd Bps) HEFIERS A Process Moy didiapm MiSiating the
stRN Bl a4 rupdbtifs. ﬂﬁV‘sﬁﬁ:ﬁr@’ﬁzﬁ@r diteessitPal sBapleOoparticipant

store and understand know edge. The sinple parti CI pant
devsfdt sEPBme dR PRRIPERAE RRRSFFEASTIEUIRdE ia) least partially

rﬂﬂ@ﬁx‘éﬁfed‘ﬁ 1rP|eYﬁé39 PéraﬁﬁgV'nglé | OF 1 8bPRENS" désRle 100, other
setti ng The sinple pafticlrpant receives a request
cémpuwters/appdicationg hdganddomether paiticipgnt ideriagatid 5i nThégrocedure
n 0 t 4
bézéfng eag{atf%l%tl %%(gt%c ng{edznéé ﬁ%g g:ﬁ%lm(phgggclvxg@%r service that
hasya dimacsmma’br smndgtsynsltromzeéslataelquéms ad lhpvctlh@mmrrge 424). A

sta 3 -t exanpl.e.of how.t
85 OB EIE: FRASHE ioRMPK RBHoHS FRFIBEE FRmen et drves, some
iR Vatigsichisd a;bme PDA’S] s6mBr €315 @hohéhmraiier befer devices or
devi ce_such as a persaqgnal _conputer, such as |nsert|ng

servions ihat cAYRet Fie #ngeradsrsipnd dmsledscan it sfmple participant
SRR RS 61'h§n&‘éi’§‘ttaﬁ@t1§m‘3fle&§%e s& N 6Y bEBausENSE §6ViBL @r service

participant Is not responsi b or tracki ng what
lightatigns of usarsmddings. {Ihe sifuplg, Pabfe@H@i!ié‘erW%a mnteﬁjom@ user to

cffeﬂ% sla%ehéﬂ’@l sfs{h}%%ﬁ 4@&? IS par Juggtxéﬂ ?ale t@hogg r(éthgé H’fé’)t

hroni zes w Icip
s;{ﬂﬁ:h]r oni The |snnptea;hm!acqphatcehdmgesnth¢1 daﬂaulnl thpasyulbhﬁopimtion data

to the si the the iple to t fuII g

stgSa3s TOAHEPRY 105 TSGR 58T 4300 Ao R R Gty EliThow the
uSdriiah @hRAgd thel @ﬁehrdn@za&faﬁ A GBFOMC RIS SbdiBlife Beda in a file
are retrieved bythefull partici pant (stage 436). The

brqyrser fromi anqsher daygatrwsh tasea HFrINab SORE Sy Sigh A inserting a
[

i iR i8S bR (SRS BAMhoF hBIEhE TR Lo the thumb

ddite. The6dhpk partieiphiit issnak relsrmgsidberiar tcackingwisat alnanges it made
I Ar Y. s oni zat i

of F BB et R ARy AT bt BlagB ¥p) When the simple

phitiifamt k?nd:lirbti&ies ah&s th?e fu]l barpﬁiﬁdnc,l qharuyn&imnmhloﬁdakes place

per son (of0) !

fr,@ga e b REICIRATS 40 g, Piewpls opd 19T e Japi Bp The ful (stage 434).

S Rdfbni28Ror, alahfdchaﬁgéé/ 'rﬁfde ‘by2 Mgk %1&9@%@6&Ant to the

par i cl pant 504 cal l'ed personal conputer 2,
syanhrenigatinedap store@se reftievad bathe il neragipah (stage £#36). The full

ot 578 200 50084 . TEEPLH 68 g€l st
reésolvilg anpeenflicts (stage 438). The process énds at end point 440.

[064] Figure 17 is a diagrammatic view of an exemplary synchronization
community for one implementation having multiple devices and handlers. Figure
17 illustrates a full participant 500 called personal computer 1, or “PC1” (506); a
simple participant called device 1 (514); a partial participant 502 called “Servicel”;

and a second full participant 504 called personal computer 2, or “PC2”. For the
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personal conputers, simlar to conputing device 100.

Ful | participant 500 has handl ers 508, 510, and 512,
wa@ea70eiske parti ci pant 504 has handl ers 516, 51BCT/EH8ZH07/001394

520. These handl ers are responsible for interfacing

with the various participants that are part of the

synchroni zati on community. When devicel (514) connects

to P (506), the synchronization process described in

Figure 6 executes. The type of participant is

eter.mned, which i i S. casge.i,S Si I nd the the :
s, et g et Se¥ied o 60T o R 8% by e Hemory
caddsdetce(PRO miisié edvigealochted pana v&ﬂﬂser@h@ emtlleCl and PC2 are
synchronl zation_is conpl eted between

pgawm cGopRpters( stpilamip semputing deyice %\weffe‘di PRrticiparg 500 has
508" 5 AR ahti% 10284 $ f{IPFAtiaRdnPSH his%iiﬁlléiﬁ 4akesh 8, fand 520.

ey are’ cornnected and/or next time they connect to
Tﬁe;d.e K=e0B)¥s are Pspousible fpnintepfacing @g]h Wrms Payiqipants that are

p%gc/ ngr'rt%e s%m%ﬁrong%ﬁgﬁbeﬁggwh?‘g Q! Qbvieep n([‘fsgﬁ)( gf)rér.lectt%o PC1

hi'oni’zi'ng participa
(m,sdfeakymhfmﬁta&rcm ptuchssade@ﬁbbden]m@)ueaﬁeemmcsi bEde type of

es discuss n, Ei es 18-26. .
RGPl THPG oY FEBAB £ fose e BRle, 1 BIPhJaF By ghronization
1dka§ pldce Rl e &F 8B%IcE A &1 thIP@(peﬁBaﬁ) es ﬁﬁie@aﬁimtlsmo Once
the previous figures, Alternative or additionall

thensynehropdzations ist %npb&dqbqta@gnor@%g‘g@dmmmpwé r(égg and 514),

OB SRARE P TS e o0 oI S8 Wit e
atehmonietted widigr @ilest:ﬂmsltbw commecttodi{sl (-‘;Qﬁ)tqrdi?qvm 1 (514).
The, replicas/ lCI |n o] n|t

Eggg%]c at eTB xi)g orwvalp ? %t g\% rg xinﬁXtatlons for
sy RdhrbEidin g‘d'cﬁa beitvedent hﬂb/pérﬁbiphﬁﬁt(e g. T@'orlﬁd’smﬁﬂ tcbﬁaputers such as
am)unt of data _representing kpow ed

dgwige 19k %@&?svrémcf dans ﬁ@“Pé?)PE g Xa?fwé aﬁawsa sl res 18-26
cgﬁldeél %%gﬁﬁd afJeddt kR WFQrtVt@Cé a1 pUravi kdenario or other

descri hus, the know edge t is sent between
sténarioe deswieddodbe mmcvm@%ﬁgmm nolfxu@@a@vdwrcaﬁlﬁlﬁgmaﬂm one or

r‘?ﬂjﬁg@ O&C%IgHES 318 nj&_ Fgu\fgé: Fg’ r:létc%ﬁtber ﬁ%}lgﬁ’f@ﬂ{eﬁ dh a device

sasinae o@hlpaﬂtlth&mﬁgesonm@thmaﬂ eflhiectarA freplival’ & msed in the

chang eéito a ten h change, .and al |l changes made by a
folloying 11‘%‘5%1%&98‘?’%% é’a‘fti‘i’m"tchange to a fifth

h[gﬁgf-‘ t ffe &&ﬁida@@g{ﬁ?ﬁ&n@ 88 sPn&k BOMNRHNE l‘g:?ﬁ & by providing

B5 i ndicatin lica is aware

thdin n@@sk@w}eégpomh rﬂge ml@ﬁawgb Wiish ghey deml@t%n df rgduce the
Y57 0 PR 00| Bufl o e ML Witcaing
rejilives, tm:pkmmletlge iroas bef enphlescm\aem kpowiesipeevigritort @s previously

%gcr}l s, Ex?ovgfed ?hV\At el.g UéntBetween the replicas does not need to
include every change ID, but may be in the form of a vector that represents a
number of change IDs. For example, if a replica is aware of all changes made by a
replica A from a first change to a tenth change, and all changes made by a replica
labeled B from a first change to a fifth change, the replica might send a knowledge
vector A10BS5 indicating that the replica is aware of all changes corresponding to

change IDs Al to Al0 and all changes corresponding to change IDs Bl to B5.
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wel | . For example, sone inplenentations of the

i nvention express know edge using any expression of
whpwrogmdge i n which one can (1) add a change tBCT/082007/001394

expression of know edge, (2) check whether a change is

i ncluded in the expression of know edge, and (3) nerge

two expressions of know edge together. [067] Figure 18

illustrates one exanple of a sync community 1100 with

the illustrated topology. The sync connunity 1100

“}Jﬂfﬁ :thles R n?%rq%er Of?}éméglt :englsesgéqdenen ons © V%me%n other

inpplefRAtationy @ftthe ﬁnve-ﬂﬁﬁnrt&mtdnﬁﬁl&td otHehexpyessions mfumowedge as
1100 represent various data stores _or, devj.ces that

weHcl Bee expiplearsemifoimplemeniaiions, ofc Bigp IVEPEOD fPETS Jidwledge
u&ﬁg%?eéﬁpreé)s%ﬁ QFAnH198EA in IPHLRIGHY San ¢€) bl ad change to the
epho

nes, - other wreless devi ces, server COITpUt ers,
emrlessmn oEknowledgeai?) chiek Whethepp chagee e lvded dn the expression

ob i Rlne SR bk P Poghless d ooy EnEy 2

cqaeTini c aFlgnre 18 dlkustbes. on'Ermiatrgm pfa spnd dz@tzumaytyblel 00 with the

onnected t hroygh a conmmuni cat i Link,1108 t
ifigpegyopolpey o HieSre conmmusipy 1 209 imdlioss S annBet afiraplioas and
isf & dx@dnpte biad ehhfr@ﬁhﬁsntafo@ %ﬂglﬂﬁh&ﬂﬁﬂgqmﬂldnﬁkntiﬁ&ﬂs of the present

Replica CI 11O may further be connected to a repl

iryeption: twghcaaﬁ BOBRIPE SOmER P& 40 Tepresent ffﬂlilgu%%e stores
oP eéwéﬁ it %2 Qnc1abé, K abke H@tthrﬁ{téd &, colput&B] hdt8SodK Gmputers,

directly connhected through communi cation |inks,
p@ﬂsamjedlgltal amlsmnts,heelﬂ\dpt itelgphengs, bethere p’ﬂirela@%diemes, server

th t
c‘l‘féﬁ% i (%‘3]“ ¢k For 105)%’61 ‘1&‘%@@#"?‘%‘2 Hﬁlﬁ%&%&% 'mt oybe
r gob8kat eth \mlgdretlh;e ar &mlluca:aéx D 11)21m,ay rwpb]ecaenmalm @3upled to a
dClllO I ted th j
0 S B E SR ke 8 5O ey e
cOfhdctid theGugdh J—é&%mtﬁ%ltloﬁ%?nkq 1®8%o(a fePRBa CoPI fi0e "JR@Jhca C 1110

t hrough the communication |ink 1116, and as su
mayhd eenimctetite renlitaiBebl Qdhrgrsh ¢ cOMmWHeation !ml& 1632. Replica

%Pﬁl@%ﬁ??%herr Bl dndcrda 1d g g%]ﬁﬂﬁ HaRhk ‘flﬁtoﬁﬁwfaygtnfxﬁﬁ’llnb §%on link

out any sort o rect |Iink
116l iInamsAs)anbOébramdniby 11109, aiihougit netvalh dféshaweplecasfare directly

SR ABPPER S TDGR O PRRERY a8 FREChIhg fepthH can be
r@pl%ﬁ:ﬂ t0i angl oF3e bihek sepllZOvitRaf tiersyng coommmityFl 0 e

one i nplenentation of the inv nt| n il |ustrat )
hom‘igh angBer sFamplgn fFleiTAPlca At Gatootm {ﬂi’bléatfg %ﬁb\ﬁ? replica

D;}%B : n%qxéag é‘grlgg% \;Evlﬁ(g gggl f}fzmgy rbféﬁjei[)ﬁ &ntéd aB0sn BRPLIERuhication
link 1108. Thus, replica C 1110 includes changes made on replica A 1102,
Replicas C and D then replicate through the communication link 1116, and as such
replica D 1114 includes changes from replica A 1102. In this way, replica A 1102
can replicate with replica D 1114 without any sort of direct link. In fact, replicas A
1102 and D 1114 may not even be aware of each other's existence within the sync
community 1100, The illustrated communication links can be wired and/or

wireless links.
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case | abel ed KA, and changes 1204 in this case | abel ed

DA. Each change in the changes 1204 is the current
wa@l2aa0a/0em8mé ent of an item A change nmay be a neRCT/US2007/001394

added to a replica even though no item was changed per

se, the deletion of an item and the |ike. Each of the

changes 1204 is associated with a version that in one

i npl enentation of the invention is a change ID.

Not abl y, oné advant ageous aspect of the invention is

t th i S. t i i ‘ . . .
A0 et iR o Mgl 1550 3ublEdfatiod of, g invention
ilkstrhtes dpiw changes! ardananaped] iadg ecpivd. aF gatall@sshoofs a time wise

changes (ji.e. .current ite wh ea chan as o
PRGFEPHich F@I%r@ﬁaﬁ? REP A fiﬂ% g Eiies BTz 202, in tis
case [abaib@ady, siBtRanght 1209ENn(Rls cateUsBéled WUt Eadh INARES in the

| abel ed X into replica A 1200. Figure 19 shows the

changegd 204 he fhegcwsrns datascontort e en iy e chingeyeay beoynew item

: . o .
8 PR S et eh MR S Pl PR 1A B iem,
andiénd likeesEdadheofititti thamgenfl20has absoggedX with eheersibarthatsin one

.1204. This inplenentati.on illusira ne way,in which
dplaripaltiog ofBe SEpIRR 8 AshaRe b ey A€ Yt do i aspect
of RB&dAvédtion Thehkntske dgaol 2821 raymbitsink 8 osdadggelog including
_vector and represents the changes that the replica A
infogpatien ahputereyious shaessi hathete ficdy seahcwnqlh&spm@ﬁflge and
al QAYEE QR ch¥fsey! @RS cliresfthy WhEre&aEh MRLAMEALAEY doPfesponding
items or objects in a database and the versSions can be
versih. t At tivher(l),frgpligrad. 1200ds int dstgady stptei. cAt dare (2), a user inputs a

R o T AR g b s

ak aonkribge of dhe Bhiageat 12 0dh ale knowiddpg 1290l isagidatsal to include a

i gure 20 sho wo replicas, nang]y replica 1302 .
chartbenD e preusr BOEh e Resseraated a0 3¢ FBrpdey il afongifies the
280RBAST the@Rarde KNoghé€¥ 8 12ohelTegs Mplehrplition Mlustrates one

1302 further includes knowl edge 1308, in this exanple

waybin| whickahanges tonbeirepligs arsGEsoaidted deith spedife change IDs. The
: ; : |
A TopsHa0, 5 WG R e o Bl vt e
rgskacAal 200 vik tdware vall silonorteh ahplementativang€ th®. présent invention,
begin th lication,, at tj (1 I A 13
veiathss or Syaneh Tsqureciiofpinedh i oterhe bEGbldehfh 7 fifahasg and the
vERforstan AR d 16 AdentiRe MHat Aedlis k8 %,rebﬂcdiédmﬁllﬂeﬁﬂiti@@f, a log of

know edge 1308 tqQ the versionsassociated with each o
changes aginalse bg resptagied. of changes 1310, can make

degh$i Ons r£4 B keshifaf [ ' NGREnekattOch,
rgglvlﬁca AFff%%g 2felbl rlg%%ltélﬁag&i ngltg lg lgﬁ’éﬁgg%& t11306 anezalf changes

dutinggeplicition: Figure 20egiiowsatwo ireplipasr pamely replica A 1302 and a
Al terlgaltsi vel % t he . s
replica 04, Replica” A 1302 includes a set of changes 1306 in this example
labeled A,. Replica A 1302 further includes knowledge 1308, in this example
labeled K. The knowledge 1308 includes a list of change IDs such as those
described above. Similarly, replica B 1304 includes a set of changes 1310 each
associated with a version that is a change ID. To begin the replication, at time (1)
replica A 1302 sends a synch request to replica B 1304 that includes the knowledge

1308. Replica B 1304, by comparing the knowledge 1308 to the versions
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replica B 1304 conpares the know edge 1308 to the each
item s version. Thus, replica B 1304 sends to replica
we2M302783¢ time (2) only that portion of RepliPREl/BS®07/001394

changes 1310 that are associated with versions that

are not included in the know edge 1308 of replica A

1302 as illustrated by changes 1314. For exanple, if

t he know edge vector of replica A was A3B12 and

replica B has current changes associated wth versions

that are. change.l.Ds B13 and,K Bl4 en th anges sent . .
o S g SR e A ol Jehebl T F B SRR Aeiions
régélﬁiiﬁ%%ﬁehld?sr 1i3a 39d BhAiged N300 Qchld ATBBOALAIRALY has in its

nly

14 is sent if B13 and Bl4 were nmade to_ the sane
changes 180G 2nd| ghanges ebey, whish | replicarA1 Boawvatesef: s 8lfgmatively, the

[ i WS e <] >
I BRI BRI She A o EGOR T,
replich BabB@4 sendseplreplicaBAIR02 atdime(2)eendy that pRetibn of Raplica B’s

302 to replica A 1302 epljca A1l oW al f .
Ringes oo el ST SBrfiens el He R Beluddll in the
khSWiadgt gsgﬁgﬁ‘ r idahﬁSBOka%riQﬁaragBdBy h:ihuﬁge’soIB 138 éfor example, if

super cede y the changes sent replica 4, in
it SHE® SOUIRE O REPRSA SO AL 6] EPRPR G R3p FyiFf changes
aé%@ia&éﬁwﬁh%@éon%ﬁk hfAcingS $8s BUBLARINB (A Shen HR dilnk e sent to

out of the anges that replica B 1304 was aware
thof replthe Aetwonlsl inclyslei thescressapated amith rraehange JDR bW @B 14. In
I C .
RS bl 880k R o B1630E by g e
r ef72ta Blsadditivh eebplicd B1P3(Mnalsal eéndsi neplich BY's kndwledge 1312 to

repli A.s _know ed 130 h as,i wn, at ti .
e £ g Rghd BB AR 451 o B Byl 550 vt
ifi e8llica at 1904 nst RREABS RERepRAr £i13021b Yeplis Ackddreplica A 1302
changes are replicated and wherein the. indiyvidu

L
nogphascalb of &t clameend 366 |t19atn&ra_qr'tgiﬂ?&lbhtrarwlﬁ%ff‘oﬁﬁﬁ?a ofar as
tﬁ(?s%acgl'ghggs 45%0 %@waegﬁtsupé%bﬂl&hwtthb NtHaBges sent by replica B

P ar ous Cha It

articu repltca and prev ges about which
1394 awaraddisfon Whithe chimngese k3 that swerks origingtiy| By seplica B 1304.

epl i gat i of, akl of. the.ch ' .
B i 367 1tnsE s P IRIFLARRT S € Bhfis BrdeRaption B 1304
Ve off Heedlote; atsliba Asl39awan update ithkngelddgs 130&tto reflect

correspond to changes that are replicate re Séided tf’ A’
thmacRROR SEdes shane 1Al CHs deape s doedtigappfica A's
ldrngwllékf&i 130%ol RpHBHBRE ﬁbﬁ%@eqme%n&d@ﬁ&iiﬁg gkatOfal@e as replica

plica can al so be used in conflict detect]on.

ARstlaomiledgenti08 sychiag iy ghom atdiree (Rpndieuteat-on of the
g;ﬁﬁgzt | TREY +l§ﬂ:é%léfﬁ§gaﬁ?tr éli%qwﬁc\%;fﬂe}fbhngglt %Hée‘?x{‘ only the

acconp ure shows “two replicas
eedat chanheb yra repdicatkir axd whereik tHewindietidsal repli¢asrreplicating only

need to maintain information regarding the changes that reside within the particular
replica and previous changes about which it is aware of. While this example shows
a complete replication of all of the changes on replica B to replica A, cases exist
where only portions of the changes are replicated. As such, only change IDs that
correspond to changes that are replicated are added to the knowledge of the replica

receiving updates.
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wi red) for communication and replication. Replica A
1402 i ncl udes know edge 1408 and a set of changes
wa4@6/097836 Wi t h t he exanple in Figure 20, the kPOWUSZGB001394

1408 includes a collection of change | Ds associ at ed

wi th the changes 1406 and associ ated with previous
changes. Replica A 1402 further includes, for purposes

of this exanple, a change to an itemmade in replica A
1402. The change is labeled X and X is a menber of the

es 1406 ..Sin | ar 404 ogd%ﬁeﬂ}\ﬁc?ﬁan also

- ABTHlcS jan rgsirile. ShyrtieralifR bk,

bd hiSedCil E&tiHictv@itsdth. ( RBRRER b td Figusé eat bE hmplementauon of
time (1) replica_A 1402 sends chanl%ﬁ Xtore I|ca

the4peesenio ijenpies ol lugtrates R seartligh dstecHan geat ber aoqappplished.
%H:Ee { OBy ! t
ange %‘*ﬁg’é?a‘gs %\Snlg? t”@& Sy ‘Q @ﬁ’%&&l@ Bk VWwitkless and/or

wiRdy o GhroOiGigo cmahcam;el @mmm 14fReincludes knowledge

lé%d gqaeMatset ot:1 gﬁnggsd 9&06{ 46\3 ak&#»e%ﬁﬁ%n& Qﬁt the lcnowledge‘

1mmd1@déseplcbnacdbrﬂéﬁ2haﬁget an atssdcﬁ«ltyd with $1mﬂfrehanges 1406 and
npl enenf ations of the ipventi

a5FRRIBLR VIR PETIRYEhangss- pBeplic ﬁﬁo‘\ﬂggaﬂaeﬁ ingludsg; for gyrposes of

thidlefarhSR! 4 6RaRab Ja itdhR niRleif réfilta- A RaDR] TheAhenge is labeled X
curren know edge 1408 nmay al so be sent to replica

and| 3% is /e mgvabey o the ghanges 1406 i Emibrlyq agplichBa r1694 includes
kxtuﬁfgledgg ?4?5 a% %?He&i”on &\?ﬁ ?])ef?t\f\% achNGith 18 rBu‘HE%E‘ 9@1@13}5’ (change

erm ne s change (
IID)J nl‘llustratlvwlylm Binge él)atphce{ Aﬂ@pZISBndShdla@Ba A% tcerPétP@ B 1404.

t t.h t h
:{é{’i?g f\\é eQ:GSI gﬁ? ,alé(g Seﬁe\g ettﬂs%ﬂ %IE Eﬁe§ namely the
cBAfpel ﬁ)%@&g@te& wath m\ge XO wmaméd ChaBgdANX)\aed a made-with-
change Y was nade in gkl ca_B 1404. Change Y  has a1 h
kapmlrgee | Baluendabelrey Ify\( d alhfadeadsri E\ggwlggé% value is the
Bl B RRRREN bl b e NG Nt @ rptin

At M@k |Asltermatumluf | incyome nnphetx@maxm of the amgntipn e made-with-

w
e S S O R OB s o
R[e@ﬂlléze&e@ Eﬁn&ﬂ&%&éc}ﬁtéﬂﬂﬁhaﬁ?&o\;&l sled'.c td:altephf:a)B 1408, Asshown
| S an ou o(, S | Xa
it e C0ar@licn s Figh pamparts £0° ol Sident WSTHEEE hafigehe item
cNat¥ed by EkRlg% V8o Rt WBBMHE A Achde @Uﬂniab&:dnﬂ&fﬂwnh B’s

associ dted W th changes X and Y updated to change Y on
stk replica A 1402 in a fashion described in Figure

??[37&?77] HJCL Qﬁa:%%%gecr % AderbnfhErsidts bP&he & e item, then

and
further analysis is required. Replica B 1404 then checks to see if change X was

known to replica B 1404 when change Y was made in replica B 1404. Change Y
has a change ID, ChangelD(Y) and a made-with-knowledge value, Kp(Y),
associated with it. If ChangelD(X) is a member of change Y’s made-with-
knowledge, Kg(¥), then there is no conflict. In other words, change Y was made in
replica B 1404 with knowledge of the change X made in Replica A 1402. As such,
the change Y now represents the most current and valid data for the replicas A and

B. Although not shown in the example illustrated by Figure 21, at a subsequent
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not appear in K B(Y), then as shown at tine (4), a
check is done to see if change Y was known by replica
we4027swhen change X was made. This is typi caPbCT/USINE001394

by checking to see if the change enuneration for

change Y, illustrated as ChangeED(Y), is included in
replica A's know edge 1408 at the tinme change X was

made, K A(X). If ChangelD(Y) is a nmenber of K A(X),

t hen change X was madew t h- know edge of change Y and

RSl ST s o B € B gt e v

ch@ngdX atid v dpidkeld\to Qﬁaxh}gbdﬁt(ﬁﬂth\éﬂr& ichANEe2Xniafashion described
fashi on as dggcrl bed in Figure 2015]l [078] If the

indiigw§ed)- X and Y are for the sane item the Changel D(Y)
dggpz ot 1@ Hﬂaeéﬁanges F';@;‘-%?&? vaRd f&h@ae %ﬁin@(&@m d&ﬂﬁc&-&ﬁgew(m does

appear in KB true conflict exists.
nqitmﬁammrlés(Y)a idtagnoms shoasrmatcmg @é),\a cheels isrdene to See if change Y

T EEBGRS5 Bl S g ] el S S50, BT Sl cone o

cHéﬁkldge tappke eif tthe ddtzalgm eaumbiationc HangehangeorY,Y illudrated as

g I A A St I ot

m¥8s, RAE). "ESChARREDL VY is akﬂ%rrcﬁsmm(mh&peﬁdﬂgetx Wiak made-

favor of certain tygpe of replicas (such as those
a

withdmewledes et changy Yamrl Bwreawwfqvé}lcfs frhangeeX inthemest current
add® §Ql]|1&‘ Chfe Al ﬁ%g{ﬁﬁ'ﬂ\}\ﬁ&tﬁﬁy iteda BO&ubRY f@r;])‘i’it:a a9 ﬁfélblt C\k:ll likely be

resolution;, an It conf |ct|n% %ne
upumeai W@thsﬂn@hge Wain aclasifibon @s |dn@crd1¢éng dgure r ged t o

0 RQ xe rrp H%ﬁeg Rg % %{?e OF t Séagnl‘?éév lt%%s ﬁjleggifxgnée%D(Y) does

néfgg%yt@gli_ %ﬁ K;\(allc)( iand 1%182121@@&?() Rogsimet lZ@pBehOWS Kn(Yophtiemaa true
e rep | Ca I NC (o40) ction o
c?ﬂf‘alﬁ*g%s 505 oheT Wakdn: LHDES o0ad SherEech aEines igflependent of

a&ﬁ@ﬁ #rifis 'CBJQ ldd:%%ﬂﬁﬁ\&ﬂllall)ef el Gal vaeions @85 1 t8solution

s exanple Tl lustrated as Y and Z. In the

némmb'é)@muﬂd e @tgmlee thich ﬁbm;gee%m tigtthe grost gurrent and
VIR S e ) R, . ) Bl v

gk ovaslimhde neyst esently, aivayotesobphg canfiicss ionfawbe dﬁ eertain type
50 Al so represented in F 22 is,a nunp
%rexﬁ Rqateibas 1% siRed 108 sisest Sngior iy pUits HtaBle conflic
rerssra&ﬂoﬁa ArtieRativel udesné Mem @Tasaelict tr@ﬁfﬂuﬁ&ﬂﬁanl item with
, .and |z, correspondlgﬁg tq the ch%q% 510. Usi ng
cqn@ceh&ﬁ@m@smaarw wadier sedl Al ARTINS RMERK 25 AfPreed to
fo‘}HPQﬂ@w'c@aﬁﬁe. was made in replica A 1502 at a first
time.
[079] Referring now to Figure 22, one exemplary implementation of

Change IDs and knowledge tracking is shown. Figure 22 shows a replica 1502.
The replica 1502 includes a collection of changes 1506 and knowledge 1508. The
collection of changes 1506 includes several individual changes 1510 in this
example illustrated as X, Y and Z. In the example shown in Figure 22, the present
state of the knowledge of the replica is denoted by a knowledge vector 1512 that in
this case is A4. The knowledge vector 1512 represents all of replica A’s
knowledge 1508.
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Change ly, with change ID A2, was made in replica A

1502 at a tine subsequent to the itemlc. And the item
wo 20070978¢hange | D A4, was nade in replica A 15PCT/a82087/001394

time subsequent to when the itemly was nade. A3,

t hough not illustrated directly in Figure 22, my

correspond to a previous change such as in one

exanpl e, a change that is superseded by the change to

itemlz |abeled A4. [081J There is a difference

b en the chan Ad. and lica,A s .khow e

o dRBEE" | AT AR Faed] i Bistlf 2 3Ee ey of RS 314, In the
ekdifpleneiF page 22 edpdica 150QNntiudss thiret chapged ReMsSI516, Iy, Iy,

knovvl edge 1508 includes t h cha&g,es or es&gpgl ng to
aph &z, oREFgRON RS f Big nges 1) s, one can discern
e fch &G RR i,y with KH%eeﬂﬁ?\lve\ﬁésoﬁlaHB Gh YeEfcd 1&619@9%3 first time.

represented by the thange'I D 1518 that is equal to
Cbaoge bdgetly elhange I@sAﬁeWIaS madglin reiivagt d SAR ah ativee swmequent to

R3S B LS RIS, S PR B 102

tlhmshbsequetdneo }w}methb itexalypives triadec lﬁa?r;ghoﬂgh f&tliBlustrated directly
j:beled 4on| re %entsthe ch de to item ]
124 ST TN (P AP HEe B sl Gt Remple, a
ch el is%ﬁﬁeﬂsed?éd Bﬁﬂieﬂﬂtahge&i&éiﬁfﬂg Deledont ai ning a
er of replicas_is sho Repljca A 1602 cont ai ns

088F ¢ hARgkss 1s1 BodTteRsnsH §° 0% HABES 1on V) éa@erephca A’s
k}(ﬂﬁg Vjﬁge%@oﬁ bﬁz k}?at 3s %th%fltabaéa da4. el%%%*&ﬁérhﬂ% e khGwledge

dge 1606. Illustrativel th W edge vect or
vesos Af s@nﬁ@a thatlmzlcaA@Bs ledgﬁ o%@O& Haeludep| the achanges

UR 1t f
PiEsrtAA L A0 fe Aihge 1 618 BAGRS, ABUGRY; (dlg diftbidaly, o
I@Ewﬂrggei vecaorr mp}udea the tﬁa(ijxfge tepreskridd byu thet chemgb|lirl]:st1518 that is
change,in a replica C an edge up t tent .
oA dny Rndwielhe ety Aol A Al Bhiaas iR Br 558k drplics I that
vidre rhdlld Sredibusi taCthedPange SOt 17 LpssteredlialiBe lmowledge vector.
know edge 1614 and a know edge vector 1616 that is

Qrhéha pthsd ha@éf erséhﬁ aresen @ﬁamréwth% &hange anwlegd&éeled A4 only
élﬁ-%se tﬁi,(@ %M ¢ vector 1616, A3B3C5D8,

| ca Bhas know edge incl udi ng
kn@82kdge R@;ﬁertmgenmm ta Eigutm;h.’g@mm@mniy of @pb ircplicas Tgikating in

aﬁﬁﬁ%gx ggnﬁgm%lg aa}w}nilhllfetrﬁf 6 1sn&§1de Igz Replic I(:%:J}ég %6f1it%ins a set

of BRMRE 604 PkidvREgE 1506 bn&b&ﬁ@ﬁrléﬂgéarebwrrlﬁp&th‘ﬁ lDa short hand
The know edge vectors set forth abo

reRyREeIRinATsoT bsiaonriedgs Pborlliupssige %ﬁﬁﬁ%}* f%%@ Viegtps 1608 of

E’%lcﬁ ACPEOE, aAfSB@aﬁjl@)lfU rsBbw§ RO RplRa SRNE KGR RAGHEIY06 includes
change. AsS W | alnedln nore detail |ater herein,

chmh@e@vwnedg@wm:aoﬁ anges in irepliaadd 4602, knowledge up to a third
change in a replica B 1610, knowledge up to a first change in a replica C and
knowledge up to a tenth change in a replica D. Replica B 1610, in the example of
Figure 23, includes a set of changes 1612, knowledge 1614 and a knowledge vector
1616 that is a shorthand representation of replica B's knowledge 1614. Replica B’s
knowledge vector 1616, A3B3C5DS8, illustrates that replica B has knowledge
including knowledge up to a third change made by replica A 1602, knowledge up
to a third change made by replica B 1610, knowledge up to a fifth change made by
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begi nni ng point that is sonme other change enuneration
than the first change enuneration made by a replica.

WO 0@3)9784A tine wise illustration of the repliPel/Usw0D601394
replica A 1602 with replica B 1610 is illustrated in
Figure 23. At tine (1), replica A 1602 sends a synch
request 1618 along with replica A's know edge 1606,
that may be represented by replica A's know edge
vector 1608, to replica B 1610. Replica B 1610 at tine

m ne I|ca A's know e ge 1606 by conparj.ng
rF‘Eh‘taoégﬁﬁﬁgé“‘?‘ﬁ@ geSWritar &Y SRhth ehaneenuiigesty rrepiwa D. The
KB itdR BoctbieNet GortB 25640 n&’dl§@@¥9<!oﬁt1hﬁéﬁs F&REdenBatidnl Sf change

not aware of changes made by replica C that are
doaeratipnaimide bjea eendisgdrarme fost chagge @1 seimg suBseqppnischange. As

P e L 00 LS R AR SO0 S0P W
baigirmitd qrentc Heatgis  $ddRe arthett bkarger epmhecitiangtisn the first change

e&grollcable 5 itens.in Replica B 1610. If a change ID
P heeds BY 2 T5PUSA- ous  out dat ed change, no change

CO[0833PONK Rfné Wwikd allusthation &£ MHe réiﬂfcaﬁ&ﬁ”ﬁﬂ Replich Aanmoz with
itemthat had a version C3 was updated and assi

reBliea/Bri9 s illustratedain doeee 2o A t@aem oRkparh 160 geAds a synch
r%é%ésﬁ 3618 aFc)?/r@ofv‘fﬁsil %Brzgalgx é"ikﬂf:bv? ﬁiﬁn"thalt%éf BlelrtQ?rr?émted by

Seq uent t aneous St rate
r(aBI)lcar A5 kuavdge ocise 16684t repliba Ba16ﬂ.016EQpll®pB| 164 0Bt gime (2)

know ed resent ed a .know
gxapnes %Zoll ]}f‘a otvﬁggg 980§ i)& o1 p?arm§ th«E}'?.n aI%%%aesgomated
Winle tg@ @hbleg?hgh einlRégliceBt RysphgwlB ¢61® diycovorspiiat m@lida A is not
tot ange | correspondi ng .to chan C
Jvarg s oh RRESS) a0y GOBlich CaBYCE Ieheled g ﬁ@ar}m&gé@ T2, 03,
@@hnél‘@Se "ﬁhﬁsh Bdplich B SERIRIBHIICERILERAREEN16Y2 EHRespdAIRR to these
4, and D O or know edge about those

qmaag é@s sqrhlggg a5 dpe ichanges lgbeled avidhs thasy changeADs are the current
CRFPEET Rl PO ps i XpiRe b NROF HEARNIE D ppesponds o a

prbmge duddatedr émage s nan clarigdat edespoadipg  saichat BBt imgent. For

OIS it B TEM that PR Rt E i oot BRdlSelgne 589 version,
188 @HQ@@e ib@ﬁﬁa&ﬁ&ﬂltﬁ T8 né Wcﬁfge} Bﬂistsr ﬁmepﬁ@a B ﬂﬁ@?axﬁmé not sent to

B 1610 can now update thejrknow %e vecto

TEBBG: An Pubseausnilyfacimplipgeausly #c lea@atf:ﬁén J@arefﬁ)ﬁyphca B 1610
sreﬁ&lr b Apiida A1 2888 Sepita ﬁ%%wl@d%é @Hwﬂ?ﬁ by b qepx(eéénted asa

eplica A s know edge vector i's "equal
knepstledge Beosorki ol edge vect or which i ncI udes al |

CORARGTS, TG (ARERRS A YRo3 uRublds e PANIRAge 1614 sent by

rephca B by comparing it to the change l'D’s corresponding to changes in replica A

1602. Replica A 1602 discovers that replica B does not have either the changes
represented by the change IDs A4, A5, D9 and D10, or knowledge about those
changes. Thus, replica A 1602 sends any current changes existing in replica A’s
changes 1604 corresponding to those change IDs (except when the change ID
represents an outdated change such that no change is sent). Replica A 1602 may
subsequently send a message to replica B 1610 indicating that all changes have

been sent such that replica A 1602 and replica B 1610 can now update their
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up to a third change enuneration, all changes nade by
replica Cup to a fifth change enuneration and all
wae banges4erade by replica D up to a tenth changkCT/US2007/001394
enuneration. [085] Referring now Figures 24A and 24B,
two net hods of updating the know edge vectors
follow ng a conplete replication such as that
represented in Figure 23 are shown. Specifically,
Figure 24A illustrates a nmethod for updating the

s erioss 165F ePd A CsBskiBly B imaidge IoBeRh) Fepticated

clﬁﬁ@ﬁgeSAﬁr ﬁmﬁ@? llijn EipuRe rzg r gp tmt@ﬁei)};] heplﬁ&ba nge slcr&rveletaga tvector,
t a change assocCl W e Cha

ASRARGE 10 i age tp goplt wledge K%ﬁ@‘a%?% %n\é\rual&a@ﬁ changes

nidde B r@ﬁﬁoeao}\' Lgﬂtot PH%A &%ﬁg@&ﬁlﬁﬂeﬂakﬁﬁ AT GRan @ﬁﬁtd'é'elﬂgrephca B

now now for rep in Figure Z4A;
upriovd gaigd chasge @emrmwaﬂd@@ngetmmdelmgeﬂm &nup to a fifth
ex 0 d e t S
TS BhereiiBh 2y Wehled RELASEY (BB L AT 10 it change
eﬂﬂrﬁé‘ratmn.conj unction with the know edge vector 1608

eiﬁggllt F eﬁé%g’l : heﬁ%&aagﬂgghlgs t\%%{r{%ti:ggiof updating the

kh&& ddg@sve%{drs GoBEFasy dPcdmpletef idpliatitidRgen %Cmab)fepresented in
replica C.. Thus, the exc%p ons can be renoved f

t
Figvse @7 otif ehnyen- 0$P‘F€é51341% 206 34 Anillgstrhes Rifoxihed 5@ updating the
l&(ﬁ\gieggg g{?:g%'i-ﬁ QSliil g oxde gﬁoﬁ‘ Dis€ I1 @f BorkP oty RIPPMA. b create an

ctor A simlar analysis
emtlbe lperlf?@z,m@d:hengttsrm'e Lsﬂmeeéwg@ 1eplicag fthe ghanges aps sent with

o LGl 9k B2 A8C YR A SIS bl

chm%fe 1LY achied Gigmant deeptionke oy ex«/@ﬁomrhsl 617621 CE)tmnmng now the

updat ed to an_updated_ know 86

‘F!&P@‘E? ft or freglifa, 44 1paiignss 253%% “bfé{lﬁ? lowledge
vesteh 1868 hAa a%adaseb@oﬂ fist hﬁ)zcaﬁmleﬁmﬁmeg 2RO eRElighint T2, C3, C4
t he change | Ds D9 were not sent in a

anéff.caddino ﬁxmmtlag @ﬁ] the esppndioantistld 1§92 Angeerjupgtion with the
k{n{)}?fpedég Qre%{b?mj §%véaqg fhaquﬂgg gﬁ@ﬂﬁ%&%ﬁ%&? IIIP@ufrgnpﬁl%dexceptlon

ntarn e exceptions
lisis [u’bme,cphe ritnd\xdpdlgec af Rmpliw’a A ixarlmﬂdfseall chphgesaup hata fifth change

N

R@pﬁw@{ 1682 hed mt«, luﬁﬂﬂtedg\g v&éter bpamieecteanvm@tacmsdbﬁ%t C5 as
and 1616 to ref|lect the replication _shown in Fig

shawn i theppdagsdimnveledgngeitpohf @ e siadepraalysie carb Hspéafomed
oH$h8 knBW1EIRITFELS B $E& BB METOf OThe original knowledge vector 1616

combined with the exceptions A4, AS, D9 and D10 in the exception list 1703
allows the knowledge vector 1616 to be updated to an updated kﬁowledge vector
1706.

[086] Notably, if only a partial replication was performed, such as for
example if the changes corresponding to the change IDs A4 and D9 were not sent
in a replication such as that represented by Figure 23, then the knowledge 1614 of

replica B 1610 would need to maintain the exceptions A5 and D10 until a
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each of the elenents in the original know edge vectors

1608 and 1616 to form an updated know edge vect or
waz@g/097Be first el ement of each of the know ebPigEUS2007/001394

vectors 1608 and 1616 corresponds to a set of change

| Ds | abeling changes made in replica A Because A5 is

the el ement-w se nmaxi num el enent of the two know edge

vectors 1608 and 1616, the updated know edge vector

1708 includes an el enment A5. Likew se, the vector

lements B3, .C5 and DI O each. represent, an_ el enent-w se
suﬁﬁgg%hfgﬁsé:ﬁgﬂ{l.vg 28e ﬁ_(ﬂ‘?Iﬂfj’at at Hgnifﬁxgnﬁxgsc?@ﬂg?shgepresemed
byPelcheHEAIDE ARl drdAIS9 kOreMlics B se1)) of the el enents
correspond. Exam nation of each of the updated

kiRl edgFigater 848 dipgwrates 7uothaidmethod phyedprdng the kypwledge
ve%t)r%tg e .B.ﬁ‘.@dwltéh?o 38R Ypd %Eﬁcéﬂb%"“sftfﬂgg ¥CP{gke 123 In this

e el enent-w se maxi num ne now edge
exaegiler the jomtwledges sedtymsi aralupdatedathingen elergentpiise enaximum for

replication has been .perforned whereas n t,l
e Rt e it i SR pTRgel REW IR depe s doed Anf TR Lo Brm an
upifatdd! knblvdstidet vé@onQu08.er The Iirkh @lentert osP badle of the knowledge
replication has occurred

vqcilye 1608 401,161 FOFHeEROT YO &Hht oHEmEe Do aAliag chiapges made in
reBlies PAI OMBédatke RS DR (KR %1GB&H-WRe PRakFRGMS Ulohdiiabf the two

xceptl ons can continue to conprise a portl on of the
kiavoletigelyectofs 16QFaand t6ltaithe upddted knpledgreepior 1708 includes an

kn e ] repr, '
BB 802 ko, 5 Pty SRRk, B0, COUAIEPT bl s o
elamentcavizd enaximupu elenmapt loovowespatyting 4o shewhahges an the particular

replica that h i.nforpation from an, i nconpl et e
rqpBpg SR cBel ot ahS SIS HET sab@ohel,, RERRBRlsh, of saghof the
upREEPkndwWikdge dRcirt Y70 1706CaA1708 revedls hat By dther method, the
updat ed know edge vector 1714, a,r%‘?k an updat ed )
sashe Hpdated knpwiedgervectag e [Pbfaiged- d 10§ eleachiapise daaxippi, method
. i . . e
of SO ILE LY Bl Syl b8 gl erhmBcokpueiion hes
be¢dreperdotnosd sthemnmstasA®y eaerptianl lisfmethodcdfanpdatingsthe knowledge

| abel ed . A7 t hr.ough Al.QO represent ! j
veSJREisR kR o R ERRBIEH B e ot hag oocurred
(Fiuger endA Ganedl @ vglizhieion,var device ahay heradtnost9dg&amely, the
t he updat ed@ggéergti on |ist 171 cag tge shortened to
[ r

exqrgtientlstim mpesd 1o bediRgr WoR BT RCPHORF GPY foRtinue to
c&Rpi¥e (NG RUPN CSBIRO kidw18dE) othavPartidular Oképlicd4When the full
This expression is sinply a vector such as thgse that

ket kedge of tist wplisn SRYNCPE TSRS FeFIAIPAS VeIeT fREY ¢ he
AR, 20RERlhg P IPPAREL 6 SnSRURS BB K 091ee
shicopui s atraplica thedt Mtalsdnforplation’ fsormwinsdgwlets replication. Figure
2£8|ira1lct:1% est a?n @riiglsna[ 5\;%?’3%@% %gctg¥ 117{](?, a\ﬁe&rsg%aleéx%gst%n ﬁgt 1712, an
updated knowledge vector 1714, and an updated exception list 1716. With regard
to the replica shown, after the partial replication, the replica has all of the change

. IDs labeled Al through AS, represented by the vector element AS, and all of the

change IDs labeled A7 through A10 represented by the list of exceptions including
A7, A8, A9 and A10. As shown in Figure 24C, in an updated version of the

knowledge, the updated exception list 1716 can be shortened to indicate inclusion
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and the exception vector (A7:A10). [089] In the case
of the know edge of the replica regarding replica B
wo b@7korsws edge vector 1710 can be updated to iPCT/US®07/001394
the continuous change | Ds subsequent to the change |Ds
included in the vector elenment for replica B. The
vector elenment Bl includes only the change 1D Bl.
Because change IDs B2, B3 and B4 exist in the
exception list 1712, and they are continuous wth the

change ID Bl included . in the kpow edge vect 7 .
of R Slaris TREBAL o SrL0) igh: 2505 6 PRSI AT A1) ghown in
Fldird hﬁqu%ti@j:x ARVLAOEESINAH QF vdotdd sWhH GR theps @5 Midve been

e inclusion of elenents Bl" through B4. Because the
poivangly diBcBBedl hensin sixgepti thahthenesdiipgnosnt ¢f the vacter 1s some

Xcepl | t bfyrhBrati )b an 11 ekdhtation
N T S S S
opicirephiers keowicdicn gs titwelatextoi A & whresegieddyheyector element AS

know edge.r egardi . ges made by replica C. The
a%ﬁ‘ﬁ@‘ﬁ‘ﬁ pm%cgargg’%é@?ﬁr 1710 incl udes C5. The

orjogonal BxaRPEdse ol thetkondédytesf (He, reflicaneatding replica B, the
Because the ori %ji nal know edge vecthg‘#de;&enen{. C5 h D
knewladge svestrind 610 sancbe tupdgisgntocticlugy, the, cogtinuous change 1L

. e hé) vEEBr @ldrad r replica B. The
sﬁ@é%é%{}lﬂggsﬁh)é" th!%:lxg? §DsNaBRAd B8 the vEher @idmémator replica B

exc 'S 2, the updated know edge vector
vetterrelment B épllides @iy dhe shangsid? &4 . 1 Becmse[dhgnpe e B2, B3

chal | enge t ._ani h LI : i fon D
454 Slgan VA by BYoB I 1712 A REPEC sk Vi nC change
BlUiiBRide@fin tiepkhoakedga vactey 11@ahmyectoy elangrtdat repliva 8 can be

t gpol. o where the know e vect i ncl.ude 2 .
oo G Eublie RO FORE 561 371 R g BBl rtusion
ot d18inBnds B 1 SthRsugH Bl Ni Betaudd thek oM gd WO BECisOmissing from the

Increases wWith each replica that is added to_thf s?wlc .
exoeptioni tist, tmnexopntion Fh pust remeis ety sroePtionatist 716 1n the

SANE 1S%BG1& nities not every replica needs to be
e

senté h the know edge vector. One illustration__.
of [090Fh a Ac siswildrsanahysis garc be penformed regayding Hepieglia of Figure

25, Whi ch t hub_and
st Raowis R sresdis, Poiets S0P EGIRE T TP B RAY knowledse
Vet AN GIcURieB 005 £ PThe drifinkd Qskceptid tiat Bcl@ds €6pKicand C8.

C 1808 and replica D, 1810, In this, exa e, .all
Besghs e oot i imewietes vosior JRmeRdy i BMeR cbfpee Ipy.C1 through

G QUARs EheoS@tudREs iR 4nA BBl UD st Methe rifihalleptam list 1712,

assign a change 1D that includes the server 1802 as

thbepdaipd knawlddge Atgoton sirpent feriepliFa fi qrntheandatrdfodub

V1, 55, D oSS B SO e
vectors is especially prevalent when the number of replicas in a sync community is
great. In a topology where the knowledge vector includes a change ID or other
vector element for each and every replica within the sync community, the
knowledge vector increases with each replica that is added to the sync community.
One optimization is to recognize that in some sync-communities not every replica
needs to be represented in the knowledge vector. One illustration of such a case is
the sync community shown in Figure 25 which represents a hub and spoke server

topology. Figure 25 shows a server 1802 connected to a number of clients
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assignnment of a change ID until a replication is
perfornmed. Thus, in this exanple, the know edge vector

w0 p@i7iesds a singl e el ement that conprises the PEpPUS®AT/I01394
I D and change I D of the server 1802. Illustratively,
if a change is made in replica A 1804 and replicated
with the server 1802 at a first time, the server 1802
assigns a change enuneration of SI to the change. At a
subsequent tinme, a change made in replica B 1806 is

.repl.i cated wi he .ser. 802. [ hange.,i s .

ing e BT 21 SO P RS 800 A= S LS upR B 1810, 1n s

eDiphtb] M reptickBonh PathiBi 1B12XIBIB! etwthietiealictts d8GRrough the server
assigns all change_enunerati ons,

enits .
1803, ard, thyws the sryey h@%m@slmzha&gg@zﬁa&%@éﬁ% égrggr 1302

aE MU RACLADS N0 BENES: MmAd¢ Wedtn aAS iSMivRIVAE cLIeRRNDED4 through
enunerati ons. {‘092] npl ement ati ons of the invention
t

18} @reanziptvbiin thorespestinezdionh in whishl thg ghangewes made without the

B B S P PGS A, Ty s nate

thElkisowelas gectormttdudss £sigle Eleasnt Heat eoupeisas die veplicg ID and

chan epymner at i that have a.single replica.lD. .In
cBHEe R T serter 1802 dipptEshvety.of 2 Plpred B endEin iipgd A 1804
ah® réficRaidtwidh tRSerobaTRIR /NUARE dbie) thd rved 18001aBpRs a change
by either replica C 11 10 or replica D1 1 14, a first .
ceprmergsion vt Sdpithe cleangsy | At HEhss@E S APheRge ErgRdr replica B
1§66“§§f1%#>119&8§ with ﬁiéb§§%le NiRo§Nanafs idhahSP!ik Cisigntd 14 change
I's l'abel'ed C2, and so forth. Wien one replica creates
epumbratige byDheserara{g®s MNadeblpnwhilelin this exempls;|the gerver 1802
the replica cr ' h : t
S
1R0Dvissidfe supet cianfger erfunterpidons and athdrapplicapy assigrs piiwr change
conmmunj té, resources used for storing the know edge
CHUBEBYIOBSN be conserved in topol ogi es that approach
hupoand SpRKRnRAIMRNSCLT QR IIBRHAYI £6 :Sdhéﬁhtﬂé foh@ptimize the
shown in Figure 25. In topologies nore like _. .
kpewledgs-vsetor imethesterologies a8 yell. |&rmaxende. ia dtighreil$, replica D
L egui . | neki Vi r i td
A SplEferulis IS, LRl P0- TRLL ARnER e B ¥RAD can be
entiimerated pisingashadgel enameiationg) thatobirae single weplisgndh In one
| oops, f.alse confljcts, and the.like, 9 When
AP o P CIPRERLIa & KSRl £ HAKE Mnaity ety gt the change
ehhi@REationdpR el ehingdk W eithaotdpiica € ArlflDi &t fepllieb VeI 14, a first
t he i ndependent!ly d% chgnl%gs nﬁy result that shoul dCl A
changced| 7BHo2 ContPild be eleBPiG BNt 5 £aRI8P FRYTFTARen C1.
shﬁ@tquémh%n%e gPFé'pth%h D 1 U1 £5 1BEled €L RAH Rb Torthh Wher bfdTteplica

versi on sho be chosen as the valid . .
creates a change ID for changes made on a different replica, the replica creating the

change ID may be referred to as a surrogate author.

[093] By optimizing the knowledge vector for the particular topology or
sync community, resources used for storing the knowledge vector can be conserved
in topologies that approach hub and spoke server-client topologies such as that
shown-in Figure 25. In topologies more like peer-to-peer networks, a larger

knowledge vector is required, but the individual replicas can effectively and
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item Exanples of sonme of these rules include
sel ecting the item change that was nade | ast or
w@edogorisng it em changes that are nade by partiBCi/a82007/001394

types of replicas such as preferring changes nade by
servers over changes nmade by other types of replicas.
Alternatively, all conflicts could be | ogged for

manual resol ution. Manual resolution is acconplished

by a user providing a new value for the itemin

confl ct tha wll . .replace the conf ting changes. <
iigpeidepHy sreptits) TR i PG et ORI R e avoiding
pLoBRGLOSNCH LSBIYE 166PR] il donifficts hdSheBikeay, no ot her
resolution rules or resqglution systens are typicall

r d894k ed Wohea| diffespny serlicgst aren allawed ytor apaks |cpangesy to items
r{%ﬁ?%ﬁ&eﬁﬁto‘f @nelr ShbiheA! &ﬁllffl@@ ey 1 iRdBpeR@EHtly Gllie changes

e replicas Within the sync community may not
niag repdt tHat should b@essq;}me@i C@nﬂw sespdutiatyipicatly lieﬂmres that there
pEXa tly the s t e S
o A i e 0 300 SR e Bbion a o vt
1tbﬂ1€ Bﬁifﬁplb@y;f sSﬁrefbﬁaﬂhe&(ﬁrtﬁd mebddet smlebtmg thadtem Change that was
gure 26A. Fg%ure 26A sho are

aD 9012 egslhi ga li
madfde% WGl Hempehagees (et 51 8 [ RFHeY'a R gerepticas
su&)bé‘g] féfgﬁ‘idgxcﬂ/ﬂgéﬁ hfhd%h%log&a&g%dep ch&ng%% made by other types of

rec

sequently r ica D1 ei ves a change 1D for
er@asarré\ltenmﬁw ,whlér eorflictsecerdnfe loperd Be. mpgpplj gggolution.
flo I
Mgt £osd iR dobSinplERA Y b Ao v RS ?2%%%#3‘3’““3 ftem in
confliet thas evillegplacathd cohflogmg dlaegehange to item | x

0, ool e S el onc

it Ahé |safile VRS, 1S othee desdutien rﬁfban@erdleutﬁbnaSﬁstgne chre aypically
the item|x that includes both the.results of

rorr ot al} samdicnt MR SYsto LR eI ERlisetaggsolution of
a}lg iktsCul @nifeCild GRphiLAL wWiBGSE hBesERNichbhfhunity may not be

ution. The new change | D includées the next
Spsqﬁeaﬂy desighethde resalve reomniflinis finrexapdy rthp|seme Wy the replicas

. 5 Pl A 2 PR IR e s

v@djar&ﬁ:lﬂ @betanthldéf s icstosanin ﬁght‘teZ@:@n ﬂgm‘e 26A shows a replica
resol ution. an bJ]t the conflict é
19031  Replisa1905 02 ecetsn e Phenge dlf SoBERONGME 17 f ghavee in an

xd%Pqe%ale%iﬁ%é dﬁ&ﬁ%e apc 4. cSubsequleathp esplica metleoz @dceives a
by a replica C 190 Replica C 1904 resol ves

cbongd TR tfor thet samesitemm Tavatingie cBprgcH i B30 zRePhﬁasDa)%Z has

e
SRS o S 7 e et
chetge el thiecaseaegks Dochqoem the chahed wltqmtlh lqhﬁéechhgmlg@change

A3 r5 Bl p BRI (IFEER) YRRt R0 b e

conflict was resolved, a new change ID is assigned to the item I that includes both

the results of the conflict resolution and a new change ID assigned by the particular
replica that made the conflict resolution. The new change ID includes the next
sequential change enumeration for the replica that made the conflict resolution. In
this case, the new change ID is labeled A4 (D7) to indicate that the change labeled

A4 was chosen in the conflict resolution and that the conflict was resolved by
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[096] Figure 26B illustrates an exanpl e where
conflicts are resolved differently by different

WO e@i7iogmge Wi t hin a topol ogy. In Figure 26B, atPCT/ms2002)01394
replica D 1902 resolves the conflict in one way and
assigns a new change IDto the itens that illustrate
the resolution of the conflict, B5, and the replica
that that nade the change, (D7). At time (2) replica C
1904 resol ves the sane confl ict in a different way

th hang b | C,19
reme Bid0%, Ao REmadn g 1 45 RS Predsst pedls ey conflct
leﬁn%@sS@d&écQéﬂ B atﬂeﬁh@eocfllgoat RdptiehiC 2904 1Q0R/eatthd bosflict in

poi nt recogni zes that this art| cul ar_conflict has
thsesamer BwBnGieas Feplicaoldl 4% RS RagY change D labeled A4 (C3) is

@em ﬁ{uﬁ&%ﬁ%@ éﬁ{ the BEmPY, 3£ Blis bACRid &ﬁfmeae%es&me changes

cify ermni dtic resol Gtion be nade
tobietrmdelebeled withfthe changg Dlsahdead BS whkevanamllyxbe miselved in the

art i cula erm.ni st i. illustrated by
%Wlag "ﬁ@‘g gﬁ & Leplicps W g%g%%ﬁlﬁg?'he | owest val ue
r f[096]Ca | Eigufe (B6Bs clllasiaes am texamphd evidrai sénftictseatd tresolved

| dyf@%?ntkyg%%ar?xﬁér%gl%p 4 S oLl on 1617 EHE 28R o dime ()

ic2 8 S6HE tesbRrelqhé BEnfliBERO06hd WhEAd aBsighd newaﬂﬂﬁgé D to the
4 Replica D 1902 thus changes_the chan

1ta1$1§ @l@atauwrw the Tnelutivarnfdhe gonfligmBs, taadgbe peplicphat that made
3 o]% at(lt)tﬁz a%?'tﬂné ?%L néﬁiéaoe !lm%es%ivegt tli’x%rsacfﬁ’@fcbhﬁfct in a

ange € ation . D7) associ at ed
difFerentt Way nshmvnd.w thekaievy chimegecH2 ng%gmgl bnecplioeeCilPothd4 (C3)

S5 EO bt 1508 908, AR BB g oo et

]ﬁwf()ze&tthfsqidlﬁtr rebagnibecthatitscparbiedlar noxhﬂmghagbempemlfve& in two
to structural features and/or ngt hodol o i cal. ftfx
differenf WaywinSor BepRlepsniations of By Preseph Vé"P“B’é ‘FF&EPIF Fpecify

& RPRANERHAC TtREon Be Ride Wé&ﬂm@c}bnm&'ﬁﬁgﬂlahgeg fethe item

specific features or acts described above her, the
Ls p&dief particelar Lﬂe@%mamtlacrﬁsolt!@@@ illpeented by cFiguee 268 causes the

sclo hs t9h | Pl [ 95 It
gﬂgee‘a'itﬁ&h feh s ahue g lfggalgﬁ:jtorrgtgl | cagl%%ls? I?jﬁge?k@%lrrec Tesuit
Thiut,hbécdube Apisra tlookr txta@a‘rpdslﬂwanﬂhtth&m geplcal & ¢the¢ Bletbrministic

he ein |/ or I cI i B si.yed, to
Sioh il e Fonfilsstis Sl g e oRkER 186G BY the Endfie 1D Aa.
1&?11&5 D 1902 8us QERNER ths Ghany D asdocititdd withahg Bhafpet thadtem I to
e client and/or server arrangenents, user interfag

bghé &R 730N elst thah el AYPIdgEEPLCRUGTLIRAPS £F @fBST PPBIIGE prpblems the
gg}f%eeém%rgﬁorg (BE USSP ksbEhRIdWRRth r&ﬁw@frﬂﬂﬁh% §He change is the

erentl'y on"one or nore conputers to include fewer
same dndhé idetexininistic result 1906 as in the original resolution of the conflict

1908.
[097] Although the subject matter has been described in language specific

to structural features and/or methodological acts, it is to be understood that the
subject matter defined in the appended claims is not necessarily limited to the
specific features or acts described above. Rather, the specific features and acts
described above are disclosed as example forms of implementing the claims. All

equivalents, changes, and modifications that come within the spirit of the

29



options or features than as portrayed in the

exanpl es. CLAIMS What is clained is: 1. A nethod for
wa@yeciosmé zi ng data conprising the steps of: prOWUSINY001394

a partial participant, the partial participant having

a data store and a know edge store, the data store

bei ng operable to store a set of data retrieved during

a synchroni zation process with a first ful

partici pant, the know edge store being operable to

_store a set of, kngwl edge, aboyt the d i.n the data , .

imgplgmentalines a5 depgrbedhergin I @6@@” %@@P‘@%ﬁ adms g desired to
fata that the first full participant is aware

b%?“%%%%) wherein the partial particjipant does not

uri@98lst arkor exanple, spersanwicigmary skl inihg cmEHsTsefipgare art

“Rﬁ rl%!}%‘ni?ﬁﬁ et Cih%.aglﬁer{t Sad PP ORI EL b ah QEmEd8C s R 0intdifdce screen
chang e partial participant nmakes to the set of
coisteat, and/oh dadaposs as def2BOY in the examplgs discuepgd Jrergin ganld be

a user. of . th artial participant to, ch o
ofaaet SEFTERL P T Phanee CORPUSIS'S MR Javer of goditional
op RS or RAGresHah iad poitheyefan thecedanipleecord in the data

store upon receiving the request fromthe user (288),

wherei n the updating includes storing information

identifying a source of the change as the partia
partici pant (290). 2. The nmethod of claim1l, wherein
the partial participant is operable to synchronize
with a second full participant (66). 3. The nethod of
claiml1l, wherein the partial participant is

synchroni zed with the first full participant through a

handl er on the first full participant (66). 4. The

met hod of claim11, wherein the first full participant

is a personal conputer (242). 5. The nethod of claim

1, wherein the first full participant is a nobile

device (242). 6. The nethod of claim1, wherein the

partial participant is a nobile device (282). 7. The
met hod of claim 1, wherein the partial participant is

a web service (282). 8. The method of claim1, wherein
the information identifying the source of the change

is a version (304).9. The nmethod of claim8, wherein a
first portion of the version includes an
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identifier that uniquely identifies the parti al
partici pant and wherein a second portion of the
W@ 2003/097846 ncl udes a nunber that indicates a rePOFUS2007/001394
version (304). 10. . The method of claim 1, wherein
the information identifying the source of the change
is aunique identifier for the record and a date and
time identifier to indicate when the record changed
(314). 11. The net hod of cI aim1l, further conprising:
recei ving an updated set ﬂﬁg edge fromthe first
full participant after theIflr full participant
V\ﬂﬁd&tcﬂslnﬁmsset of know edge after the synchronization

2 12. A - dabl.e di h
R T S e A
Qfdlﬁg a Rk garifipast eespdrasl pRtci ﬁntcﬂlaﬁhﬂg 4 data store and

13. A conput er - feadabl e nedi um havi n
@@a 8RS l}batﬂaéa sigse bging eparablg, tocsioeg ﬁ@eh of data retrieved

dl?lgllé% Z fh%npz%ht)ﬁ Iﬁ?béés@ Rpiglk QNfst ﬁilp ?artg:%'t,vﬁe Fnowledge store

roma | ClI pant to per 0
bslylgdplemhﬂdm store mpﬁrczﬁlqmwlaégmgbtmt slyndita dnitheadaterstore, wherein

24 det er mi ne na Ly rt
i BF Kok g ebreaf R ahrreiip be el Bab Bisc ) PR bapicipant i
a&rufel oﬁlé(ﬂszplxpﬁétbxd ympaﬁld]qgagtlalh)aﬂvﬁﬁbesx? mpanmdtamd ghed set of
a sjnp rticjpant ty erein
o ey 128D, oty blrein 1B Reg i warhibPenh ESBaREibls firacking
whtP & dnl geb th 151 FarfBipEnIRhkdsGoRES ket G d@tSIARE dandisre éz90),
know e ); wherein the participant is determne
to beecpwengm ﬁewesbaﬁqmca passt afyfhe partjal praticipaph te | diange a
0 nder st ood
agggcg&{lé[ggge?se% gggﬁaﬁﬁ CZ&“%%??’.‘%?%?J at|1&sJ det er m ned
t 0 bpp@dtingf thiel partictlac rgramd it the diafa stbrehapom réadiving the request

CI 812{9(8@&& er%h)gt e 3ad 1%& ?I{?i dd_:?%% q{%&%?lrg%ﬁ)agwn identifying a

: s@me BEt&eéHaﬁgeras epaacHracipaad (200).oper ati on with the

partl ci pant using a set of |ogic¢ that |s appropriate
2f or The mgthed opf Fg:équfq C],,p\ghpreerg ggts/’ pajtial pgglicipant is operable to

fr?éﬁ%’:ﬁl%dl aAgRlAq T qu}c%an@g@ée)m 13, wherein if the

or t art|C|p rmned to be the ) )
3SI rrpIFhe pmthod: Dﬁ ahimt i pehereivethetpaetialyrmeheipantzatsygehronized with

oS BHF Bl SoBRELAP kol SHIREON 65 Aot Rin Slruflall (aty. e

4t he Fat méthddt &f ichaiichd, silgeta ﬂﬁ:r firsti ﬁﬁhipaf.taipamtmr& personal

and
computer (242).
5. The method of claim 1, wherein the first full participant is a mobile device
(242).
6. The method of claim 1, wherein the partial participant is a mobile device
(282).
7. The method of claim 1, wherein the partial participant is a web service
(282).
8. The method of claim 1, wherein the information identifying the source of the

change is a version (304).
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storing any conflicts in a |ocal data store (254). 15.
The conputer-readable nmediumof claim13, if the type

wo evo7opms4garti ci pant is determ ned to be the pBeT/U82007/001394

partici pant type, then the synchronization engine
recei ves the stored-but-not-understood know edge from
the participant (258) and updates the

st or ed- but - not - under st ood know edge on the parti ci pant
i f exceptions occur (260). 16. The conputer-readabl e

medi um of c¢laim 15, wherein_ the_synchroni Ion _engjn
fipda(Hs Tiios of im . Wb mady 31 BOH Rl RS BR Pfpides an

B8k ﬁﬁf‘tmﬁ%ﬁ%@dﬂd{aﬂﬁﬁ& &d %ﬁﬁial C;S%ﬁﬁcx?ﬁﬂt the nwhere1213 a second

transterring | ocal cop parti ci pant
gpﬁioihéﬂmape ringladefehhem] amnéfca&qsa Tecqut vmnéﬁ%)

{4, e HBol e cidlfy PAVAL PR indoPmflih S iU nk I PCource of the

e parti t| Cl pant I Ci
cﬂﬁﬁgaiﬁ ®uhigupaddritifiep d‘b:ethlerre@ordwhdladamand titwoideatifier to indicate

nchronlz t|on 0 I on because of the
‘§ ‘B?R‘ %?fga@§ood know edge on the partici pant

{264)ThelSethbaco sl Sfurthepemhpasiagdi um of cl ai m 13,
wherei n the sy nchroni zat i on engi ne recelveﬁﬂa reque

f r oRFHINE o ppé?tsa et pb kpeyledes from fhe direh 'oPa‘itlﬁé’an" after the
it ﬁﬂ[ gﬁ't&?ﬁa!n? ARRE Ald QR of b iedbR affer TR BATELtGization process

sync ni zi'ng ta conprising the steps of:” providing
@9¢6).npl e partl ci pant, the sinple participant having a

gfelt a itc%rg? Fr-r agaﬂ% glqlg{ah?\tngr ec(?n%lnﬁexd%{e% ta g)% ?nstrué:tlons for

I Nng op ore a Sse rovi
causingecanputet tooperforac thesstepstracited inl dlalpan (200)pant , an d

wherein the sinple art|C| iS not res

{0 oo CaRaRB e o Bbing oo R Ll G tions for
sh8ined ¢ p&%}ﬁ)b&f&lﬁ&s@ﬁé ompagiag( 424); receiving a
request froma user of the sinple participant to

chan wcgvpmmeastﬁom&pw@cmm Hepederpf syRchronizatioe operation

gﬁﬁgﬁegﬁ&?o’(ﬂ %ﬁ?me %’g’ﬁ tl ng the particul ar record

oreu receiving the request fromthe
user det@fine %OtypA footipupaticipeng alx &yprecatiingnstlavteddrom the group

COMBALS PG bLE LSl LT 205 Tl ySASHA oc nd o simpl
paB@ipant type (246);

wherein the participant is determined to be the simple participant type if it
has a simple participant data store and no knowledge (248);

wherein the participant is determined to be the partial participant type if it
has a partial participant data store and stored-but-not-understood knowledge (250);

wherein the participant is determined to be the full participant type if it has a
full participant data store and stored-and-understood knowledge (252); and

wherein the synchronization engine performs the synchronization operation
with the participant using a set of logic that is appropriate for the type of participant
(256).
14, The computer-readable medium of claim 13, wherein if the type for the
participant is determined to be the simple participant type, then the synchronization

engine is operable to synchronize a set of data in the simple participant data store
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by detecting changes to the set of data in the simple participant data store and
storing any conflicts in a local data store (254).
15.  The computer-readable medium of claim 13, if the type for the participant is
determined to be the partial participant type, then the synchronization engine
receives the stored-but-not-understood knowledge from the participan;c (258) and
updates the stored-but-not-understood knowledge on the participant if exceptions
occur (260).
16. The computer-readable medium of claim 15, wherein the synchronization
engine updates the stored-but-not-understood knowledge on the participant by
modifying a local ;:opy and then transferring the local copy to the participant (262).
17. The computer-readable medium of claim 13, wherein if the type for the
participant is determined to be the partial participant type, then the participant is
operable to participate in a multi-master two-way synchronization operation
because of the stored-but-not-understood knowledge on the participant (264).
18. The computer-readable medium of claim 13, wherein the synchronization -
engine receives a request from the participant to register a handler for the
synchronization operation (244).
19. A method for synchronizing data comprising the steps of:

providing a simple participant, the simple participant having a data store and
no knowledge store, the data store being operable to store a set of data provided
during a synchronization process with a full participant, and wherein the simple
participant is not responsible for tracking what changes the simple participant
makes to the set of data in the data store (424),

receiving a request from a user of the simple participant to change a
particular record in the set of data in the data store (428); and

updating the particular record in the data store upon receiving the request
from the user (430).
20. A computer-readable medium having computer-executable instructions for

causing a computer to perform the steps recited in claim 19 (200).
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