; e3eq0q,,-4.".06<0TOch. APPARATUS, AND ASSOCI ATED METHOD, FOR FACI LI TATI NG
SYNCHRONI ZATI ON OF DATABASES CONNECTED BY WAY OF A RADI O Al R | NTERFACE 5
The present invention relates generally to a manner by which to facilitate
synchroni zati on of data stored at a network database wi th correspondi ng
data stored at a nobile node by way of a radio air interface of a radio
communi cation system More particularly, the present invention relates to
apparatus, and an associ ated nethod by which to initiate synchronization of
a network part of the radio 10 comuni cate]ijon system upon detection of a
change to a data record of the data stor at the network database. Upon
detection of a change to a data record, a mapping is perforned to define an
associ ati on bet waERARAIS.cAND AFSOEEAREDMIGISOD. SO KA GTBIRAINGa( abase
with fields of a SYNEIRBONZANIEHY O PATIABAMBER CONNECEED B Mob¥| e node. A
15 synchroni zati on request is QfEARADIO ARINTERFAIEE t he napped
information together with the network values of the fields of the data

record upgn whi ch the magfl n%Bj s perforned, The val ues contained in the
synchroni Zation r %ﬁé&r’fﬁe BVEBRVET s SPTE AR AdREBEREY PBIH? gHdSel ect abl y
communi cat ed & Q587 SRR dr@aRQdFe LI SHaRby tc&ta%_a&%ﬂﬁl*ﬂE&g%ﬁ@ﬁdiﬁ’?dﬁgﬁ%&éﬁn- The
informati on required pursuant to the synchroni zation sessfon I's

cont ai ned i n a henayleclodoby way cbaradégaie stierfmadf & elio ndromomichidm systecoonver t ed

into aformtqg facilitate its communication upon the radio air. interface in
an efficient _WW@F}CUEA&K@W@VW@W%@‘EM a@&fﬁﬁ‘?ﬂd@a@sﬁ%ﬁs stens are
regul arly utihé&edby WhioRde intie SiRhvork HiBHGN 8wk pA}t bAhEAAHINI cat e dat a
pursuant to the effectuati on of a comuni cation service. Data conmuni cated
pur suant 0o tdesreyrfiestion sysion uppn tdélectmrafisrshergs ton dtreiard of thealaiayiterad ed at
a communi catia?ﬂlesn%%g&fapa ages sent upon a conmuni cati on channel for
delivery to a conmunication target. At a mninmum a communication systemis
formed of a first CeumasMcEiahodh cthes t@h UeA rédded, afipgPng i@ heifbrnUpldefind O,

t he communi cation source and a second conmmuni cation station that is

coupl ed to, O dEgcAiontsbvees dhaptldae] e detareperd ofithe nelgiatk Aprtebase 9thst at i ons
are connecte i I . -whi he data is
comuni cat edq‘tl)é;alst e i regfo n?%%ﬁ %géﬁdﬁallg@%’t@:&glnth? %9 ({Bﬁl\gqgg%o%d comuni cati on
station. Phe dyhcisbnicativnmgeat is@onahial ilen iichalks gendsppeb énfdabaiontogetis@net i nes
referred to as. a sendin s]té]g;ri%fnhépd, t he. second conmuni cati on station
that recei vesVithdedghyorgya thefislds of therdatp regorddipgn ek the AYPRIEHS on. A
communi cat i ONsesforhb®MTRAM diudsR oWl iy Rihrb N Sa R ATOINUSCAL Loy Beakdions

t her eof formgbboth a sendilﬁlgS gt atllfeorll an&yg rece?v?ing statlEgn permﬁts

t wo-way conmuani enatdeasinfogeatving edettablpeomhifuachtedtte the fblate neletporswayt, tohe
communi cation_stations 10 are each.capable of both sending and receiving
dat a. Tel ephoRTt BRI BE b ThCAEREH: mogked BHE, Sir SR BT SLEoT oop

f eedback 20s Wekdibrz RGoRlathed X€ MRl sthohriz AR e AP he SRV SRS & RBkvdRg! ude
communi cation stations capable of both sendi ng@anq receiving data.
Successi ve geaftrafirorie fsflitsisnimeampamiciios ygeeths radio sirbeterfactanaheffedenind 15
depl oyed to tﬁ\%ﬁegdvant age of technol ogi cal advancenents. Technol ogi cal
advancenent s, en applied to conmmuni cation systens, are generally applied
in manners to increase the data throughput rates at which the data is
comuni cated, the accuracy BROKGROUND GRIFE INVONIIDXat ed, or the manner
by which the data can be communi cated. 20 An exenplary type of

- conmmuni cation systemis a radi o communi cation system In a radio

communi cati on systeNPIPHEALShPHITEAT BSUCHERRErS apefcihsercty dra ghs
comuni catsed @high 4eEdRBenidRe 'aa{agﬂl's%aht' kS dhatuaguh eRd c&ﬁfn‘ﬁ@ﬁcﬁg{n@ Service.

comuni cation stations of the radi o conmuni cation system i ne
connect i ons, Bynavemmupralddypursiqul todlk ¢ffecianibn ef iweoromminitioatémicesy st em
t hr ough whi chorto 5 connect t.he. communi cation stati ons. and. upen V\/ﬂ,ch
commni cati on }ﬁ]ilé %derilsacgpgnumca 10N source and 1s sent upon a_ communication channel tor

delivery to a communication target.
At a minimum, a communication system is formed of a first communication

30  station that forms, or is coupled to, the communication source and a second




defined, are obviated. Various advantages are provided to radio

communi cation systens in which the need for such wireline connections is
obviated. In addition to reduced infrastructure costs associated with the
installation of a radio comunication system a radi o comruni cati on system
al so provides for comunication nobility. 30 That.is to say, one, or nore,
of the comrunication stations between Wnifh data i s communi cated pursuant
to effectuation of .a corr[nglni gt?aiion S%E ice. s permtted. vemantt. h
Technol ogi cal CAUVHREAPBAIUCP Ll fspup é‘?’(’%é@sn SO G PR AT s d "Gr e
appl i ed to copmiiGedionRt3ish 28BonkREANG! WY (Fal corfvalesivs Rhandchatonper t ai n
to processing technol ogi es, when applied to comuni cati on systens,

general |y per¥iieh theclabenis semawainated byfthelfrshcerampaicpliaiesatinadoite geerdkased
amounts of tikg, M?ga‘?{oﬂ s?atiﬁg.t FRELS SR LEGNNLAUES PSR fhe FhgL T 1 cant
amounts of data to be stored and operated upon. di'0 conmmuni catt on
systenms, &s wehletiars odfhecd toypasending emivii £ad, itBNsddyed eBmuRiceidegationr | y

utilized by ich to transport the data that is to be stored and operated
upon t hr ough BHdetrd¥esthe dpit i soPSHBSS FHgrediomspderstyingAriGus t ypes of

commni cat on devi £ esmianea060 sy piP RAINER BHPRATE L hun kbRl on. L ©

perfor mance of communi cation functi varil ous data processi ng operat i ons.

Addi ti onal cdhemeaf Dans bothseendiog stanmd aabs cckiatredtaipplpemaits trswahal | |1 kel y
continue to be develagﬁ)ed t hat req%]ifre co ni cation _devices .to, inplenment
new data proc@SETYCUNE SHGCE ShPPH A S HreE B Fdgihecompainieion sHigns al

assi st antiy) ( RPASAchahBatX 6%8@5%(19{%&@%&%&?%@ T@%}éh&ﬁé cdmmulRbtidHse

avai l able, and regularly utilized by which To effectuate comunication
servi ces and and copwiumentiopo waith cloftklodp Veadbsckas etitiyql waktemmaryroél at i vel y

smal | dinmensigns, i..e.. of.dinensi that permt t.heir nd riage by a
doer. Typ: cal Oyl BigsPit TSR cor Rt he ub AT farager FbaeRERs 7 o
storing data fnarsiddgn@agaor nore databases. During operation of a personal
digital assistant, the 20 user of the personal digital assistant, or

anal ogous such pr oOt¥§&isiY§ gesrpiéens of spmptuaisioe(ion sistames/ase bpen dryelpsd arced at
t he dat abases | i t.hat forns-the database is
usual |y 19 gr rrac%e?}ead(fa {lgd@g‘?%ﬁﬁ\ggl{ags?f%?g@l?é%%rag‘s’anfcgy%& EF&(I)IH@ 61 Pm)re dat a
fields. The dalvandehehtswheragpdied tataamvhichtidiodyatehRadre icdn 410 6bliad it he

dat abase. Upon sel ection of particular data records, or fields thereof, by

the user, the"HAIE PINGTeRsr ek e Beoyshph feiee akthish cedaimis camspiasaied thse

ot herw se m%c@ﬁé@ﬂf Eﬁ@lhfc thOdAh 8 dbFhuniEHQE 85 He %ﬂ-@f“ 3ne @ﬂ& ParfS:
sorting operations are also selectably initiated by the user. Sorting, or
ot her processiongpuotateche data is performable. Al so, the user of the device

is able further selectably to change, add to, or .delete from. the data
stored atjﬁt he dat S’é?m@éryfﬁpeeﬁaﬁgﬂmfrﬂ%ﬁ‘oflﬁEStETBtI%a&db?%cﬂn@flmﬁté‘mportabI e

device i s notgyklehrPlHhia@¥@Blc¥mbRSicalifn € URN orRhuARh M\ Hah8s Bfon WhicRE her
problemw th, the portable device, the data is copied, i.e., backed up, at
a separate stdidigeodewnietedare definedtupbh yadiabikleothaextandédcbaeia thp copy i s

e o BB bR B B o B ShEEd it o e
soneti mes pr asnelentfonnlly hRubeac 4WWirelind doenBaticaiBRispétanneduat whivg dat abases

t hereof at a conputer workstation or anal ogous device that contains a

st or age MEnDrSPIHRY G QERPUNIGHIOR stRsioppend Upemwhisy aphinaunicasioptcbainels dack up
copy of a datghasg LBORiRECYaAbud LCLREERANACRiddh H Llo @SSKAL AN en
conventional ly uti’lizes a fixed cable RS TWT B e EoRNEEt T on i s

f or med bet weetystehs ipohichthenekedvbeaicandrdline camectiendibabviera! ah Alitihetost or age
menory deposit C%;ce the data is stored at the storage nenory

deposi tory, trﬁgu%gdlk WHUEHRCHTS aaspsiatedbvih theringtaliaion od aradie cewaivniratier o, | f
necessary. T : I 1.4 he data
stored at thza% i%ﬁggf%tg%lg%gglg\%%{éagﬁ%%}fggéggw gﬁé&?ytﬁﬁ%gﬁag%nﬁﬂﬁ ai ned at
t he respeéti vEhal®bses oapcormotre abfttee egnm\iesjorasati s botween twhietaddty ist he

case, asynchronous .c a(g es t? t%ﬁaggg%aba§e mai nt ai ned at, t he eglgllrt bl e
device or at THEWHEK® g“ré'ﬂ?ﬁytoc 1PhE! YS MR RN $REFR RV Scat | ons
no | onger to Mevdnentatch with one another. And, therefore, any asynchronous
change to the database or its back up copy results in data content 15 '
dissimlarities therebetween. In order to place the database nmaintained at
the portable device, and its copy, back into match with each other, the

dat abase and its back up copy nust be synchronized. Synchronization

operations are perforned, for instance, during subsequent back up
operations, at tinmed intervals, or upon detection of a change to a




20 data record at either of the |ocations. During synchronization
operations, data stored at the respective |ocations are conpared together.
And, responsive to the conparisons, data found to be out-of match with one
another is identified. Appropriate change to the data is then effectuated
to place the data back in match with one another. 25 Sone portabl e devices
make use of a radio air interface by which, anongst other things, to back
up and synchroni ze_ data stared at the databases. Data back, up, operations
and data synchr on?&e&ﬁ?‘gﬂglﬁgé’ﬁﬁ?ﬂ%ﬁmﬁﬁ fte F‘éprﬁé‘?sﬁl&gmn&?g’xﬁé@%@ma radi o
air interfacepghigl o QWBN&licat ¥R SstRHOPT @dﬁﬁ%lo%ﬁhl IR AREGhAIQRFaiRE6 f O med by
way of a conventional wreline tonnection. Bandw dth |limtations, for

i nstance, | i mrecasieg 88howngenivdeniappliaidpacinmunidation sgstenive gonrda lyanveainitabl e
for the back .up _and synchranizatjon operatipons. And, the uyse of

convent i onal 1{"%8?,5&?&[]%3{% ?gﬁﬁ@%b‘éaﬂ)ﬁgﬁéﬁ@ C’if’@%e%cﬁm%“fsequﬁ%e'ggﬂﬂ%ti ons
rather than alatAstolesaing tdoRhRiEASRmMi1ASorAI AR SINtS B @ata B & RERALRI L1 vely
bandw dt h consunptive when applied to a systemin which such operations
are perf or nedPPsiateRPosf Radiogpnynenieationtsystemeds wrbldistottsn sipey of t he

car of ot |y sl CoraehiofAERan 3% PR MR GA o CiBho R fhEhatt

synchr oni zat itoe spe¢ddridupeadd ldnahdough eatdsy oiftestodadsed. tcdmyquernner by
which to provide hetter for the back up and sgnchroni zation of data by way
of a radio air intE¥HNE&RSal ePPRBRispinnedayicen Bvvercas derdopertthatperiprm, ght  of

thi s backgro B i - SY. i I 0 antents of
dat abas ezl @byqaggalg%gggrgéargé}@ agfér(ﬂfcgglenﬁlﬁg‘g%ﬁﬁ E&alﬁﬁto ﬁégv%l? ‘591%51 %teggrrﬁ?es?%%r ovenent s
of the preseniperatwent Additiheal eomuainkaton 16 SEIMRIRYsddatdHippliMEME IsENl The

present invention ccordi ngly, agdyantageously provi des, apparatus, and an
associ at ed fli?g‘"a‘éong?umqﬁfpetvé@%f& p fegyiee %%H?‘Bﬁioi’aqu&qgg’fmaﬁ?%e%t ored at
a networ k datiphagf, WokBssaRIhepeeRdimgufakion 3ahed @t @ mobile node by way
of a radio 15 air interface of a radi o conmunicatron system Through

operation of an entrogingbdipitadfastistentp (RI3bntare exveamtlaywf cammamivetion depewvi ded

by which t.o injtiate.synchronization.at .a network.part of the radio

comuni caIESi or{ﬂ%tfg? %‘f%ﬂﬁ%%hwﬁéf%@?rﬁ%ﬂtﬂbzfedtbﬁé‘%ﬁhw feelyiate QTSR Y of t he

data stored ajkritts ap@ty\Opdfardapabaae. TROIMIGsiaRf QpiBlY OfvelHQlyRATIPUr SUaNt
a

to the synchroni zation session is contained in synchroni zafi on request,

and t he i nf oriBensens se.cohdigrensieny thatpeamitsheir handfcagidge banasen s

comuni cati on upo : i i k- inter e in..an, efficient nner . one
aspect of the pr egreshj?&ll Qagegﬁ%n%irélg%{e]tag%{t?%%C?%al}%asa)éa%etIofarileonﬁg%\/\sﬁor%gpdﬁpat of a
change to a datmingenebdnoie dutitekoTurthatcdasion 00pYyersBed AORGI ¥Ristat, the

detection, 25 a ﬁpi ng i? performed at the network part to define an
associ at i"Un BEPURIEAC PHEOTS digHal a5p1staRk Opanaogoue sueh IPCSRHng HeYing selselrlly i s
detected al Hfi0&! WRHa4REAPAIR. EOMLI hiinldiRladRcel. arEALIRAIBANA. dar 2
record mai ntained at the nobile node. ce the mapping 1s perforned, a
synchr oni zat i durbasguestaliyfogeated as &dm, e dapnedurdnioratd ohoteguasit dancl udes

t he mapped i ion forned pursuant to the 30 mappi ng operations. The
synchr oni zat %%A%ég‘fa Sridpare rREP‘E}aEg “ﬂé]t%éar fhatjastresd wfih ket HBO®f the
data record URRRLHWNbLFLrLARar TARRIRSdS Dr PRI UFBS: by e u\éﬂj, g&%&%&é&h%ﬂ In
the synchroni zati on request are converted into an encoded Format, suitable
for conmm#di cdiorathagriabashend distilayed; or dtivreisfcaselicpyndaidntto the wer,

Processing operations, such as sorting operations are also selectably initiated by the

user. Sorting, or other processing, of the data is performable. Also, the user of the

device is able further selectably to change, add to, or delete from, the data stored at

the database.

30 To ensure that the data stored at the portable device is not irretrievably lost in
the event of malfunction of, or other problem with, the portable device, the data is

copied, i.c., backed up, at a separate storage device. Once suitably backed up, the

back up copy is retrieved, if necessary, to access the data or to re-store the data at the




synchroni zati on session by which to synchronize the data contained in the
data records of the respective database copies. By converting the data
contained in the synchronization request into a formpermtting its

ef ficient conmunication upon the radio air interface, the conmuni cation
resources required to be allocated upon the 5 radio air interface to

ef fectuate a synchroni zation are nininizqg. I n anot her aspect of the
present inventio he networ k dat abas ies.are naged b r sonal

nf or mat i on RSAGI PSP MR BERH SF et B SN Spidps et SREDTIES
Mcrosoft Exghanae fokvhexshanas ided AbasmtGRARY itk &R albf A oRphMer K
part, an Exchange TM personal information nmanager connector entity is 10
associ at ed t HeEerEgRtn omneloEruhdavigs thatMosemsectargemtinbyy dspesitirpsBackmngst
ot her things, .t ny data,record of the Exchange.database copy
i th i cn R el P B hE 608 o qbibSHRARPESL RERERH latte o
any fiel dsof dgidatassist@aebaveadtiohdiB aBisech akalcHdd RLBASEL a delcBid t@mettfopmade at
the PI M connector entity. Responsive thereto, a mapping is perforned at the

Pl VI connectidforgdibevaes thopqriahleidsviegana digleviceithey comain il 4aragf t he data
bebled ; Sy
Correspondi ng  qup UeBIGREF bledtBl 8REANANA (LRI LERRRNMAS LIRS, 1o

nobi | e node. bk upepsiakailabloforaitsequenmanage theot) &aicosssant ity al so fornms a

synchroni zati on request and ﬁfgﬁlates t he synchroni zation request with the
map that 20 is forSsPackHE cPpiy o hatliahessts 3 frampigls copwet the dasstared @dhs nt o
t he synchioni gafab R RIVRRL fol B ' lirfel f i efi ned
at the data record gf thegigtagPﬁggi?gggggqgg%ykggég%ffﬁgg?&%ﬁégés?%e field
i dentities ofndthbemdbWlendstiabasencapyly tHhasyalsyedrabus tendet ta thée el ds of

t he network d base ¢ al so po e. the synchroni zati on request
generated by (fa%ag)af)ee?@@%g%{edi %%Mﬁgﬁemﬁ 0] @?%E E?ﬂ‘e‘l’!}t Gy £81ER ﬁ'l%t ta afp g
synchroni zat i 8 rdsp&i#Rs lo AR R BEgdi¥o bE e REIR MM orenhofaRt Aﬁrﬂ etH@fE&%Q@,r

connector entity 1s delivered to a synchroni zation server.

synchr oni zat i &% aggmolieanous ekanen i the delgbasher tie backarpycopieewite inndata benterdquest
converts 1t5he cﬁ?slhjﬂqgﬁtci)fstﬂer}gbgt\izvgl ds of the data record contained in the
request out of a Fivse, e. g, (Extensi bl e Mark-up 30 Language) and into
a second form t hatinfoaddrltd b&b@&e@@fﬁﬁh’d&iﬁﬁhﬂaﬁﬁd&ﬂﬂﬁ%ﬂhbl%Qe@ic@éﬂ@fi'trsQﬂlifvyz,ati on

session. Nanely, the format is converted into a tag-length format, free of
nul | term nat®ick into npéghewith feahi s, e datehese 2ad its dagktian cayene bef t he dat a

record cont ai L tde i .OF ecgyﬁ r : .yal ues.
Fi el ds, ot her@?ﬁgh ¢ %@ %%P@ghgﬂg%%ér%r{st C %I%@Sg’l% longgn%?elgggflxgeed not be
communi cat ed gubsspeantbatiboup opsraditsodt tiadd Brereds St apordddectioanda chneedo Aot be
converte%oi nto the ta({; Jen%tfgﬁformat. 5 The synchroni zation request is

gener at edOupdftkseerdia 8‘5}‘%_ &H@fé‘opﬁ) BHYNGRMEHONERROD PPARYOTEed%E PRSI d of
the dat abase. y TieresyRERE RREFH:s R hGRUESTH ﬁﬁéﬂ %{Hsré%éc]nﬁ\ﬂsf tartg@t ion
necessary to performa synchronization WI? a correspondi ng data record of
a dat abase ofcompapbdnsedatefdaindThbe pufoFmatch enthi mecoother tsedentificd. nonr edundant
formto place,the data in formfor. efficient conmunicatio on a radio air
10 i nterface AR SRHRGHIEe i bt s Bepsifectipisd iaiser R daBhaek ek s,

t heref ore, appaKatdisnotidhrd an associated nmethod, is provided for a radio

communi cation system having a network part at which a network copy database
i s mai nt &3ned and Fmepetabladrréceamakhisshofa radivi dieintofage biawhibrks empegst

mai nt ai ned. ni Lan_of data st.or at _the ne rk c at abase 15
with data st cs)érlt E%qg]?lg%’ﬁgtoﬁ% il ae“dcséﬁ‘gﬂa‘é?%ﬁ%%gof%d "?512:‘? é%ﬁ?%gd%%\a Hﬁ%ﬁé’r is
enbodi ed at tderaghvwanikdpasinchionealfep pdratalseritall YerRPREALO SVl O rhesdd a map
between fields of a data record of a network copy database and fiel ds of

the nobile copyiltriassageloTHer.fReGorN eapicaliben bpgationseafomaedby Wayehema,
and the nobil : | ke - . The ¢ [ t oget her
fhe 116l ds of e e o B R o B ionl P R s (e
fields of30t heocronnmspmndiapgitfaba crebonddofvdilaglerfobihk ®adopyadht abase. The
mapper forms the map upon detection of change to the data record of the
net wor k copy S&B&HB%’E%@ %Owlé’n&oﬁﬂﬁiéﬁ%u%fgrcgw%ﬂ%ﬂ tmiges. g edieaied

i nvention andyddnen$GRRA wikehe bnifcfloR& @bt @hRgdadis M C IIng
drawi ngs that ptél)re bri e_f_Iy1 slurmari zed bel ow, 25 ﬁﬁgg?gf‘tlglg%\n&hg@%g%{a%lled
descri pti on dtle ke gielburvelynbapdeidtr cagumpbodivhensppliefl t¢ heystew énwhizh, and

t he appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS -




Figure 1 illustrates a functional block diagram of a conmunication system
in 30 which an enbodi nent of the present invention is operable. Figure 2
illustrates a representation of an exenplary default napping schene
performed during operation of an enbodi nent of the present invention.
Figure 3 illustrates a representation, simlar to that shown in Figure 2,
but here showi ng an XML (Extensible Nhrk 4p Language) Synchronlzatlon
request, also generated duri ration .of an nt of the
present inveﬁwg%ﬂpaggﬂﬁfﬁaH”&§W6§S?§P‘ $ ?%§3Wﬁ%?l%ﬁdﬂ§1 Y ®to those
in Figures 2-idforRufioNBheisrah§Ri©S @ﬁé@iﬂe\fﬁ‘dlgfa1rtn|ﬂ€rf§éfse}ﬁﬁ’elt BE ¥arSHMGRERPEZat i on
request shown in Figure 3 subsequent to device nornalization and filtering
perforned t heodbgdhe infirguatien Begdedl i perfiresthe syreprasgativavpontiostatiticar t o

t hose shown i but here representative of an exenplary.tag

| engt h encode(r%}ﬁm‘e d%%mﬁwgﬁéd pursuant to exenplary operation of an

enbodi ments of the pfeseMerbRVEH ©hbrovife Ftd F& the bddkliﬁ)tdh@ts?&h?omzatlon
representation, simlar to those shown in Figures 2- but here

repr esent at i v dafa by wael %ﬁ@@tﬂ“@ﬁ%@%wﬁyﬁdh?f@fw ehe iifb’ﬁnfrﬂé%ﬂk]ést that is sent
upon a radio air i e ieqent  of
t he present Inveng?%ﬁﬁ%gﬁ?dﬂﬁﬁ?ﬂ@ﬁfﬁ%@ﬂh?g%agﬁ%{g#%g 3%dﬁﬁﬂﬁggﬁﬂi§§?Ve of
t he met hod ofcoapatsaifi dambfm‘es b$ wam of abvatld B Mitedicetthe the dgeifitaritnvent i on.

DETAI LED DESCRI PT1 ON Referrln first to Figure 1, a radi o conmunication
systemis shoMPryEmERE 9ty %E“’@ﬁ“ﬁﬁ%“%bﬁﬁﬁﬁV%ﬁ@ion syst em provi des for
radi o conguni cations wth a nobile 20 node, of which a representative
nobil e node 12 is shown in the Figure. During operation, communications are
ef fectuated between a fixed ﬁﬁﬂwmlkRﬁaﬂFTH{EﬂhhﬂﬁﬁﬁhnNication system and

the nmobile node b of aradio air terface h.the comruni.cati on
Al g v R T A R R e

system a COMIUUBLEERtEPMABEVHLRhicH t@fafcﬁﬁéte'@ﬁ{cﬁmn?z‘%@%f&@ex s@aAi cation of
data is perfornmed pursuant to various of such comunication services. An

up- i nk chanrigtwer @@bam\aith:p@‘rﬁsaomchm datyplorddrat agottilserodaly wagiof aradier f ace,
and dat a ;sour e is communi cated thereon for delivery to
t he net Wolr%k ﬁle%eﬁac{: Rﬁaggﬁ(%rﬁoﬁ?rglé?w% “s?’%tf*@m Anal ogously, a downlink

channel is defl nedriupegh epdratin® fdewhrbbilitken0hf th @rdsastiiBveaition] Ninefidferee. The
arrows 30 14 and 16 are representative of the up-link and the down-Iink,
respecti vel y,Pravidedy Pairhdo anikiate syrohfopizatioriaba peltvRgs Rarparl the s4die he

ctation 16 { gAY HER bl SFRa R EIBRER o bADE b BORRE, LET
soneti nmes refmwédtmlenaﬁvcmkdejabasej s defined by the base transceiver ’

station. .The base cei ver ‘%ﬁ%on generally is able to detect data
comuni cat’ed by th en‘ﬁ qnél%EFélu PUTEFRRE FbibE SECHERIBZ4lieN Seision 1o AEtaRRd hi n

the area encqmﬁﬁaﬁomaﬁﬁ%g@é sl an E@E‘%’mﬁoﬁﬁaﬁ@pﬂs .60 2A8 intdaNELALd fémh‘tzﬁeab le

to detect data communi cated th se 5 transcelver station upon t
down- | i nk chatm@mmirdeasion. upvhitheeradiotaisiefrafaed &l an efficam, marmer.net wor k part of

t he conmuni cati on system i des a plurality of base ceiver stations
defi ming par t1 al |y RSTBARES by C Sovar R arE e iR abtla 4 fip THY e of

the mobil e nogke @R oS dddptecsRrla@cRAAR dﬁ@b&% cBﬁ?' REQRAEve &f the HeRaSH Ve
times, at different ones of the cells, defined

a mapping is performed at the network part to deﬁne an association between the

fields of the data record at which the change is detected at the network database copy

with fields of a corresponding data record maintained at the mobile node.

Once the mapping is performed, a synchronization request is generated. The
synchronization request includes the mapped information formed pursuant to the
30 mapping operations. The synchronization request also includes network values of
the fields of the data record upon which the mapping is performed.

The values contained in the synchronization request are converted into an

encoded format, suitable for communication upon the radio air interface pursuant to a




10 different ones of the base transceiver stations. Thereby, effectuation
of a communi cati on service can continue uninterrupted as the nobile node
travel s t hroughout successive ones of the cells defined in the

comuni cati on system The base transceiver station is coupled to a rel ay
device 18 that also forns a portion of the network part of the

communi cation system and the relay device is 15 coupled to a connectivity

. . & oup: ¢
server. The BES, in turn, i.s coupl to synchroni zat i.on YNC) server 24.
The ' synchr on R TFORAE Essidha VR ey Rt B e SAtiHBR BidF Y
represent ed %g&@@@ftﬁé?@st@%'d@ﬂaﬁés_e%Bf)ﬂeE.' B$ coriRirfUune Hh@RendRES of ted by the
separate functional entities are, in one inplenentation, carried out by a

si ngl e physi canchsptization feqeest inifpo frrar peomitbng dedificienbeompinanitaian upRo thn
adm ni strati L Adm erver 26 i.s .coupled to the nchr.oni ion server
ana 8l co for ety BERRRE oty BRiBs e St BRI BhR R ot o

The admi nisst rratlioQir i8RFMEd toTRVindRS: HEEArBhiSiticH dry thiSiglivddces during operation
of the communi cation system Admnistrative control, for instance, over
operation of the s{iEAMEHIsPaLtiodHIcsEpsFRY Iy entipneliicdetvark daghircspricaticon of

t he adm ni strat i r f i@anal l'y
coupl ed to, 3?&3%%%2?E%§g¥?%?%%ﬁﬁﬁﬂéﬁ?@géggpgg%ﬂggggg?ﬁﬁgﬁeH?%ré@pdatabases
are exenpl ar yinst@hdees Micivbelt Exclange OY bathahypdsabasd capgtiabasesiedanhal so be

enbodi ed at, or coupled to, the synchronization server. A first database
28, a Lot us TMSBPEPHattbxdRes 8 SR56tH dHORRaY W HERROTINEPE Y Bhe

conmmuni cafy OMs§etdi&Mherhill aF Heyﬁxcﬁa@%cfﬁﬂ(k}ldco%ﬁ&%&% tPaper@ls, %ﬁl%ngtﬂ Qfhed M 30

dat abase is al so enbodi ed at the network part of the ‘comminication system
And, a third timgadasletegdto ang dath secosdrbitic Eaclangt Hataest wopkwithmthidf the he

comuni cati o stem, The.third dat e here forns.,a thir arty dat abase.
The dat abaseo S EORHAL BHLG e i o e Aab s Seeds rervasI T agrgnch o
the dat abasesreddd oBthe BB ifhabORRAGA isdnPleWk Blei KNI &nnd@bRedi@gor ds.

And, each of the data records of the respective databases is forned of one

or nore data Resepesve Betekw pagppoingds pérformeddatin FlVetagegpr ety taffosmmaecor ds

form key {fd el h ta fJelds..of, the dat e ds are.selectably
popul at ed1 vai trﬁggg%agggﬁ%{a flJtegdgse0 ItﬁheerdaE e F?‘Irg afwiuc\?}gfx%@gang? lst%éec ta£gas es.
Cor r espondi ngcoti@bpidaesticlideita dosresshldalgamesret bidtenttlcd P et owetgdntine

dat abases enbodi ed at the network part of the comrunication systemare al so
enbodi ed at tdaheehelthe mobde nedr e, a first database 38 is embodied at the

nobi | e node that i =t i: T base 38 forns
a Lotus Notes TNIdg%g@aggép%%ggﬁgggﬁgﬂgg¥g@%§g§§§éﬁgﬁggggg%%% copi es of one
anot her. A seguochdtodabh@drasquetl andygrpalaes thx shahgaizhlbd adgabasdth the ampakidtat ed

with the database 32._The. dat abases 32 and. 42 aye copies of one gnother.
And, the ??%bil@c’ & TheARiHBROn 4 ks @op ok et e IHQenESTSBESEAHID | o o

third party dahabesendRetneSaigePonds fblds idiagd %@9@@%&@ og@g ndRiapases

34 and 44 are copies of one another. 15 During operation o
communi cat i ondagahssempyanywedifast deo, dizt dld sdemiitichef thatmbds dstabasbodpedltat t he
nobi | e node as.wel |

as,th at abases odi ed at the ne rk part, are
asynchronouslvﬂﬂfégpgaﬁﬁ%ﬁeﬁﬁgﬁasnﬁ?ﬁﬁ%ﬁ@%ﬁpgC%@&ﬂ&%?@ﬂ@%gﬁ? updat ed, the
ot her dat abasgnassachddefqhdebaerdiy mhbg@ﬁgﬁalﬁ%ﬁhﬁfﬁorﬁmﬁﬁég@r &pyctef the
dat abase t hat has been asynchronously updated. Updating of a database

i ncl udes Z&ny @W¥itthange to any data field of any data record thereof.

The synchronization request generated by the personal information manager
connector entity is delivered to a synchronization server. The synchronization server,
responsive to the delivery thereto of the request, converts the values of the fields of
the data record contained in the request out of a first, e.g., XML (Extensible Mark-up

30 Language) and into a second form that facilitates communication pursuant to a
synchronization session. Namely, the format is converted into a tag-length format,

free of null terminators.




Subsequent to an asynchronous change to a database, the database pairs are
pl aced back in match with one anot her through operation of a
synchroni zati on procedure or process. In a synchronization process,
performed during a synchroni zation session, values of data stored in the
respective dat abases of a 25 database pair are conpared. If the conparisons
indicate that the data of the respective fatabases are out of natch wth

one anot her, the ta at one, he e dat abases i.s red,
thereby to bring t qﬁﬁm@%9§5§§@§”ﬁé Sﬁﬂ“ﬂﬁ{ﬁﬁﬁﬁPﬁg'SW@rﬁﬁ% H@an$ﬂ Borti ons
of the up-Ii rH&nélﬁQm%’c% ﬂehﬁ@ét &@%ch%%e@\fﬁhésa%adf QinkhAGRL HOAs flﬁf 30 use

pursuant to a ynchronlzatlon session is limted.” When the conmruni cati on
resour ces of axheiycddngedanforinatien, maeknebe cainnomatagsd fuosyeettber m a

h t d t he all ocat dwi dt h th di o, ai
Thterface s SRAVARPREIL Shoor el heBech el apnR B eHes b Be g Hrtcat i on
servi ces. s0per at i OrhedfynatiosiERAs BNt @fgﬁﬁé}ated %&o@&&@&io&i&ﬂfchﬁfg&@ gnyor esent

invention facilitates m nim zation of bandwi dt h requirenents needed of

the radi o ai rdathfigffolery daa rf@ptdmfﬁhed@yba@hr O wphr@nge@sreaneav\mn@nal so
pronptly init h nj n on net wor k rt when
changes nadez#g&gﬂghﬁgg¥§%d%' ehhgg d%%mEﬁ%gﬁie (gpgg?mf§%%%

dat abases 28,redid oaadaﬁaaseroefa mcrblltehedexm@inwﬁhahﬂmmm&m g, nodrbodi ed at
a dat abase server 46, And,_ the database server is coupled to the

synchr oni zat i §RusEpiLermg blagg therdafian demm foricHideiapTaHiRRHAY BPOY Pragjo air
connect org, hﬁ&ggg@&ggﬁgggghﬁgnhgﬂgH&ﬂer with the separate databases
at abase

enbodi ed at t a erver. t herefore, an Exchange TM connect or
48, a Notes TM coningb¢sernnd dihenmpedit, therthire, dppantuy, amdrneacdcoiatddnahed, is
separately shown e connectors.48-54 forn1|nterfaces bet ween t he server

46 at which ﬂﬂ@“&ﬁg Adadio SpERmupirstipR aysigry DEVRe & PRSI RME &t YBiRh &er ver . The
network part ﬁé@ﬁbxﬂkd;%%¥%9tﬁﬁés%t1§~h%a@-@aﬁéd A SHDA rmeefat @hichREnfiRS® hap§are

i nvention. The apparatus 60 is fornmed of functional entities t
i npl enent ed |dﬁta@semynajetglmeédswmhmzatlsuetﬁdas stoyecdtdlor idtivok @pgdatabidee by

Bopar at uettar o it St oo D AR T BB ST R ik T .

connect ors ange kbvosly par URé ﬁlapp@@eléaaM%Feﬂa&s% heh 4 KB BERREALERES 2t he
apparatus is enbodied at a single sical device or is |located el sewhere.

20 The appar adalsregordgif ameaverkeapy é¢t9bﬁsm<bﬁelds af thomabilg|capedatphnse.i Ths

network copy database has a network schema, and the mobile copy database has a
mobile schema. The map indexes together the fields of the data record of the
20 network copy database with the fields of the corresponding data record of the mobile
copy database. The mapper forms the map upon detection of change to the data
record of the network copy database.
A more complete appreciation of the present invention and the scope thereof
can be obtained from the accompanying drawings that are briefly summarized below,
25  the following detailed description of the presently-preferred embodiments of the

invention, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a functional block diagram of a communication system in
30 which an embodiment of the present invention is operable.
Figure 2 illustrates a representation of an exemplary default mapping scheme

performed during operation of an embodiment of the present invention.



enbodi ed at a personal information nmanager connector, and a portion

enbodi ed at the synchroni zation server. The el enents of the apparatus 60
are enbodi ed at one or all of the PIIVI connectors, such as at the Exchange
PI M connector 48. The functional entities shown to be enbodied at the
connector 48 are also forned at the other 25 connectors, here the
connectors 52 and 54. The apparatus incl uges a detector 62 that operates to
detect a change to_.any field of a data retord form ng part_of associ at ed
dat abase. The det g 36@?8@%%%%@%%@&: sflepe th%a%awaén Erectodt 48
detect s changgse Ay af kekd (BficAle SRR uH 8SRELES S hanas.database
28. 30 Upon det%cti oﬂg%y the(de%ect%r of ug cﬁ%nég)f t%{atﬁrﬁ%at a%glge,’ t he

det ect or f or neenanatednbiiriog ekemplefy dveatiohaif ge embodintentof thelpratiit amventompr ovi ded
to a mapper 64. The mapper is also, e.qg., enbodjed at. the co ctor. The
mapper operates to 'RHp 4’[1ﬁ85tfaﬁ?§l acf'?p%fse“(t%@ndﬂpélaf ©BrF 18&?%‘}3‘? ggte%ﬁglg 28

Wit h corr gspoRghicetdtivelof shedx elriparf drRRRS S atiod Zqd8st 8AROLI L oale 3t he nobile
node. And, indications of the map, once fornmed,” are provided to a

synchr oni zat i Whseqegifde deyepvprmabratgs anfifitesipa pbrfomicdahérewpanequest gener at or

operates to gener at, ynehroni zation reques esponsive.ta.the
‘application of t h:élgr%r% 5|SI}r{1bfl %Far%%stai rgﬁref %né?tbqflc)?mfﬂhé{os@ﬁ% .8%“25? i%‘ﬁesrzéﬁ&élgt
generator i s,hdréirephBefia@residnaikymb i) REedisal mede@m‘e&d%@%n@tad pixGug@RNect or .
The synchroni zati on request generator generates a synchronization request
that is pr oviQ}éHlPiaéYP%a%%@gﬁﬂcﬁWW!m% of geysesentrinEedipAc hr oni zat i on ser ver

i ncl udes filter & ; I i t L:0n I |

synchr onil(’z@ati on re%éléllg{& i %%A%%SEE{I%P%E&?%@? %gr{ﬂlagﬁ)nt%lﬁg?s %ngg)np ?%@Feesdz ?Ld3 u(t)ut of
t he synchr onileat iepresetatinesdf d g ianitr snabdsalnsyadhranikit@Inde@iest hat idatm upegor d
enbodi ed at the network_database fails to have a corresponding field at the
dat abase of th@dR NETRGEAURhH S PREEEY of & smbadangrf A yhg Hesent | t er |

the filtered jpeggat is provided to a converter 74. A converter is also
enbodi ed at the synchroni zation server in the exenplary inplenentation. The
converter oper at esfigaecousirates hidovt Shdrt tepesedatsynathometatliod nperedorestt

provi ded thereto @ d tC{d@ ace thf' i nformation contained in the
synchr oni 2at i B P EGBEEt ot thoPTei sl VEMHO or m for its subsequent

comuni cation upon the radio air interface to the nobile node pursuant to a
synchroni zati on session. Thereby, because a change to a data record of the
dat abase is i nmediately 20 det eémI@Q%ﬁMHﬁNon sessi on can
correspondingly b i commen ed. .And, becayse the i.nformation.is
converted into a %?gf?ng{%% flb%trt% 84t g TR Fomemynis loﬂlrigy%ﬁméf PR ner
upon the radia 18i Theeb@hfudd@tion Betdndgiodides SEHEIB Tof@ilii da@idnOith Rendtardi 0 ai r
interface to effectuate the synchronization session is mnimal. Figure 2

i |1ustratds 990l eiHehA reaerspiaiyg mebilgpodes I3 igshowsy in the FigipePusuag 25

pursuant to its . operafi T i t i t of a
change to a drft% a recor g?lcfﬁﬁcglggg%a gisu%?eg%?g%%gdr%%%cngﬁ?%g%ﬁ# g{eds t hat
map bet ween tdvenrhietadonclysitineand diadnabide BRlcaydvayt o acadiotbr paifact2. I n the

exenpl ary representati gn_shown in the Figure, the Exchange connector 48
suppl i es” def aul t %HBP&E@GP”WW%%Pgﬂqgi@{’ﬁt&ieﬁ%tmd?@%ﬂe?mdééﬂ@g@ts with the

addr ess book bR thecdtRBnicARnSterM: cb Al Smi S it ARk, e er
to fields used byﬁfpﬁe Exch?ange 1;|1_1|§:/| céln egt(’)r C48 aﬁéﬁ%‘ﬁ’éseﬁgﬁ;%ﬁfﬁ. utl}g's,
e.qg., "Frane"Tveatayrcefrenuttigutiochef flate i tiserfoirmed pursodit lte vardehs of bucht hi s

representation Fi.rst Nane} t t.o {Ena n the bile node. If the
attribute is W ?mﬁ%mr?’e?ﬁﬁlll#ﬁ‘ ?&Q‘g’?&)‘aﬁ ﬁ@@f{lﬂéﬁ é%h?‘?gtuﬁ@n 85‘%&%&8' ink Oggjeand t he
nobi | e node. rhb® didigkrfabetaad damds6@ked Sané ifoyilt ASddRamsAMGEddhet e for
connector and {1't arget} identifies a common database between the data source
and the nobi |ligeFdo rheetypemasiofdhs earpmpeicationsystiesp| Anedddoaslyi eflewshoul d
field mappin f: I Fi_gur Fllustrates an ex l.ary XML sync
request 84 mﬂgﬁp%%&g@;}%@ rngﬁél csm(a:ﬁancg);;go‘gré'thweg?E eﬁg(%aﬁrdB%Efgggiﬁh%OéN& ed.
The {Cnd 30D} Idoand 15 s@xe rpnecnnticabf e updihasi g dUWTETLE rygletievdial the
identifies a g,rt icul af record operation within a synchroni zation request.
The {GUI D} ta‘% togfdnteriage.a record entry identification in Exchange TM The

{GQU D is used to pmp, : - ’%Rﬁ' i d at
t he nobi |l e node using %ﬁé I D o%%eix%ﬂog’@??ﬁle&n%gétg@%ﬁ@aéync Psgfr?i g@?‘%ﬁ{
request, onceAgpesvdratsedyerissationdvitciestetves tilte vaynibb namilzabdanAservstage The
server identifies the data source as "Exchange" and uses the acconpanying
XM field mapping, of which the mapping 82 is exenplary. Using this, or

ot her anal ogous, field nmapping, the synchronization server generates



15 an XFL style sheet and applies field transformations to each record in
the XM. synchroni zation request. Figure 4 illustrates an exenplary result,
shown generally at 86. Each record is in Device' normalized and any fields
that are not nmapped are filtered out by the filter 72. Information
regardi ng data sources, databases, and record operations 20 becone
synchroni zation connands for protocols u%§d over the radio air interface,

i.e., OTA protocols. . The hr oni z er then uses the device
connector to %%W?UIPWG?‘F ¢ 15%EF M_ erf‘é‘E@)]gHﬂted’aée %C?%?FggttWOPthf‘

encodi ng. Fi %E@tréqs'céllvéissitz&%tn%%n&aﬁf ﬁ%@?&@%ﬁe’c@&h‘r@éorﬁﬂﬁmc%@ b{l ihedRO1TL

encoded and is shown in the Figure generally at . The conversi on uses
an XM devi c@ommen@mommemopwmdmﬁqmmeaw,ensmpasa@i $PNare}. to

i nteger val ue, equi val ents,. such ated in the Figure Th nt eger
val ue repr esé?ﬁlcgg‘ ?E nddl%%ene TIISBEJF& ﬁgﬁttdqaﬁ QITYUINEGIEG l@ﬁﬁ’ﬁ P29 el d
within the adﬂ&fn@@évé?@&lioﬁﬁ?&l{ﬂﬁe@f)whtlﬁlkrfihﬁhﬂe@tﬂ?:%i@ Here, the {Fnane} tag
maps to an integer value o After the record is converted to TL

encodi ng, the 30 s%dhn@trﬁen@r@iebhsh@wmv@ﬁ neiyrarkgert opthersomesimi¢iéion exstand by
ChECkl ng fi 6|1901§8ar P],faF B{er e %1’188%1\5/%1‘83)./&@1%"1‘]1& 8&’&%1?‘% }harﬂal&//gf I‘P&PP{HFI el dS t hat

have not change he recor ere F to reduce

OTA traffic. obsehapd aaad | Phe If‘l&iithMltfeﬁfb@lﬂfb thbisile nodle pedditsSthecasisiteuddy
synchroni zed, the synchronization server stores a two-byte hash val ue for

each of the fiPoE@esilienrdsatfeceays fimenad diffsspntopes fitheicel Sh@efwﬁémr oni zat i on
server buigl dsifreR6t 3 oP el kERAD W RENC OTIBAMS o FOURRN dat @ source,

dat abase, record operations each recor ese synchronlzatlon
commands nakemummnﬂmhmn@awpkemec&ynmhmnnnmanﬂ@hwph@kmgﬂehh&ﬁnnsmtransnltted

to the nobile, nod u5|n a sessi ent pr qt ocol ure 6 illustrates
an exenplaryt?ﬁﬁgﬁ@ﬁéP Sﬁ%ﬁﬁ%ﬁoggﬁ L%Wﬁgﬁpﬂ%ﬁwﬁ@ﬁﬁ%%le@HéﬁﬂmﬁeneraIIy at
94, that is sent upENLAR: FNRLBKGRANDES A %Q%eﬁ?ta'et%e D9E: alk0 fdrihstahe
exenpl ary operation represented I n these exa e synchroni zation

server detecusthDOﬁmehdmwﬁaHQEQfﬂmoqmammuahdaﬂhﬁﬂganﬁﬁnﬂmhwpheweous

hr oni zat i ds t hat |
Synanr oni at | NPT SLe R PR G risd ThE BLBe Ry "yl alsddt Coitr o 8 ponse

is returned fSANCRrvERbi] ThoOERhroREEA6ESerldrahd Werefy@RORSe b fuMctionally
synchroni zed are renpved from 15 the pending databaseé and a record history

is then st or eaPiereniefeasspparpiedwnctianilontisest hedinetisas ecrfames iche seprrte to the
nobi | e node, cke rs ner th eX|st|n e
: %&10@1&?8&3@3 thﬁ (;ne 11?1 Ralen ?aq%rd,ockang%dj it t l%ys%ﬁf encfg\é ord is

fields, and then conver an a ress

updat ed in t he.agdnessnhoakdsideabpiefoah. t he nDblle node A response is
returned to the synchronai zati on server that indicates the status of the

packet arfd any 20 AP AGRIBHHEPR K%ﬂ@mﬂé@m 01§ cPrRiad thibe SYRERTBRtLASPY A
command. Fi gupg afso t{olc—)r??& R&In%ﬁ 0 tl‘%‘?‘fepg) LY r A m§%§)\9{}y&%ﬂer’[@l l'y at

102, representative &ration o ment of the
present i nvendnonistrdtve seeten @cbvﬁ(inslaﬂmm*st%wsymmem dmmg ommatafn afabea st ored at

a network cop datab se with data stored at nmobi | e copy dat abas
First, and asé/"inﬁﬂ‘i‘%ﬁac &q SWGIE‘lheA‘aaI&IP‘BEF{MiWOHE"gﬁ ArigeaRss: aveagpsrarl%afﬁeof t he

synchronization server is provided through operation of the administration server.

25 Network based databases are functionally coupled to, or embodied at, the
synchronization server. The three databases are exemplary. Other numbers, and
other types, of databases can also be embodied at, or coupled to, the synchronization
server. A first database 28, a Lotus™ Notes database, is embodied at the network
part of the communication system. Similarly, a second database 32, an Exchange ™

30  database is also embodied at the network part of the communication system. And, a
third database 34, is also embodied at the network part of the communication system.
The third database here forms a third party database. The databases are maintained,

here, at a database server 46.




networ k copy database is detected. Then, and as indicated by the block 108,
a mp is forned between the fields of the data record of the network copy
dat abase and fields of a corresponding data record of the nobile copy
dat abase. The nobil e copy database has a nobile copy schema. The nap
i ndexes together the fields of the data 30 record of the network copy
dat abase with the fields of the correspogging data record of the nobile

[

copy dat abase. Through e i on .qf _1he t hod of nbodi of the
present inventi onﬁa&ﬂé’gﬁ%ﬁa F%eﬁtzlgo#@ﬁg 8ty %@?ﬁ@ﬁﬁ?ﬁg’b{’%ﬂ&p@ﬁord&
detection of &nd;RaGOEr thodaa dabas of R fegfcefith @il rdinclibeonebimbk part of
t he comrmuni cation system M niml comrunication resources upon the radio

ai r interf acedasy Belddgdalectes! enes péifeciatn fidids afthe thate ndcoutsiform sesB¢ldn. Tikhe
i d i f f d | r. 1 npl i th
e 018 Gee T 0 1L BT R VELETEARRB L

i nvention, anc?It

by this d&scrdefihie @ valuct®l itz dabasdsai ns: 1. In a radi o communi cati on system
having a network part at which a network-copy database is maintained and a

mobi | e node at whi‘edTaPeRshng eatelssss, Sl dajelses hatmmiiesrandedth G dpiapasey enent
of apparatus éél%odéﬁcdt i R O %%%eownﬁ%ﬁigﬂiogfsy&%aarg 5% glq}r)rgﬁla(i Qﬁh
ata nprising: a mapper enbodi e

net wor k- copy ase, sal d apparatus co 4t the
net wor k part ,mslaichatiep plere, adireckaibhye I3peembbdied at the hobéle mape that iseen fi el ds

of a data record.of a, petwork-co dat abase, .t he networ kcopy dat abase
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T T
t he map generdadsdihasiaEsbeampgyachronously updated. Updating of a database includes any
20 change to any data field of any data record thercof.
Subsequent to an asynchronous change to a database, the database pairs are
placed back in match with one another through operation of a synchronization
procedure or process. In a synchronization process, performed during a
synchronization session, values of data stored in the respective databases of a
25 database pair are compared. If the comparisons indicate that the data of the
respective databases are out of match with one another, the data at one, or the other,
of the databases is altered, thereby to bring the databases back in match with one
another. ‘
The portions of the up-link and down-link that are available for allocation for
30  use pursuant to a synchronization session is limited. When the communication
resources of the radio air interface are allocated to perform a synchronization
procedure, the allocated bandwidth on the radio air interface is unavailable for use to

effectuate other types of communication services. Operation of an embodiment of an




30 5. The apparatus of claim3 wherein the synchronization request forned
by said synchroni zati on request generator further conprises indicia
associated with the data record of which change thereto is detected. 17
6. The apparatus of claim5 wherein the indicia associated with the data
record and of which the synchronization request is further conprised
conpri ses values of the data record. The1 pparatus of claim®6 wherein the
data record is .forne a first fiel at | east.a ond field and
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converter enbodi.ed .at.the network part and coupled to said filter to

recei ve the roPHRPPZUPTREFED val ues

The network part includes apparatus 60 of an embodiment of the present
invention. The apparatus 60 is formed of functional entities that are implemented in

15 any desired manner, such as by algorithms executable by processing circuitry. In the
exemplary implementation, the entities of the apparatus are distributed across the
personal information management connectors and the synchronization server, In
other implementations, the apparatus is embodied at a single physical device or is
located elsewhere.

20 The apparatus 60 of the exemplary implementation includes portions
embodied at a personal information manager connector, and a portion embodied at
the synchronization server. The elements of the apparatus 60 are embodied at one or
all of the PIM connectors, such as at the Exchange PIM connector 48. The functional
entities shown to be embodied at the connector 48 are also formed at the other

25 éonnectors, here the connectors 52 and 54.

The apparatus includes a detector 62 that operates to detect a change to any
field of a data record forming part of an associated database. The detector 62, e.g.,
embodied at the Exchange connector 48 detects changes to any field of any data
record of the Exchange database 28. |

30 Upon detection by the detector of a change to the database, the detector forms
an indication of the change, and the indication is provided to a mapper 64. The
mapper is also, e.g., embodied at the connector. The mapper operates to map the

fields of the data record of the database 28 with corresponding fields of the database
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contained in the synchronization requiest. Amongst the information that 1s filtered

10 outof

the synchronization request is information of a field of the data record

embodied at the network database fails to have a corresponding field at the database

of the

mobile node. Once the request is filtered by the filter, the filtered request is

provided to a converter 74. A converter is also embodied at the synchronization

SCrver

in the exemplary implementation. The converter operates to convert the

15  filtered synchronization request provided thereto and to place the information

contained in the synchronization request into efficient form for its subsequent

communication upon the radio air interface to the mobile node pursuant to a

synchronization session.

Thereby, because a change to a data record of the database is immediately

20 detected, a synchronization session can correspondingly be speedily commenced.

And, because the information is converted into a form to permit its communication in

an effi

cient manner upon the radio air interface, the radio resources required of the

radio air interf ace to effectuate the synchrenization session is minimal.

Figure 2 illustrates a map, shown generally at 82, formed by the mapper 64

25

30

pursuant to its operation responsive to detection by the detector of a change to a data
record of the database. The map 82 contains fields that map between the fields of the
database 32 and its counterpart 42. In the exemplary representation shown in the
Figure, the Exchange connector 48 supplies default mapping for synchronizing Lotus
Notes ™ contacts with the address book of the mobile node.

The XML tags, e.g., {First Name}, refer to fields used by the Exchange ™
connector 48 and the map attributes, e.g., “Fname” that refer to the fields of the
mobile node. In this representation, {First Name} tag maps to {Fname} on the

mobile node. If the attribute is null, no mapping takes place between the database
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J]caljcal:m The synchronization request, once generated, is provided to the

synchronization server. The server identifies the data source as “Exchange” and uses
the accompanying XML field mapping, of which the mapping 82 is exemplary.
Using this, or other analogous, field mapping, the synchronization server generates

15 an XFL style sheet and applies field transformations to each record in the XML
synchronization request.

Figure 4 illustrates an exemplary result, shown generally at 86. Each record
is in ‘Device’ normalized and any fields that are not mapped are filtered out by the
filter 72. Information regarding data sources, databases, and record operations

20 become synchronization commands for protocols used over the radio air interface,
i.e., OTA protocols. |

The synchronization server then uses the device connector to convert the
normalized XML record to a tag length (TL) encoding. Figure 5 illustrates a
representation of the record, once TL encoded and is shown in the Figure generally at

25 90. The conversion uses an XML device mapping document to convert XML tags,
such as {FName} to integer value equivalents, such as indicated in the Figure.

The integer value represented by the ‘Map’ attribute identifies a particular
field within the address book record of the mobile node. Here, the {Fname} tag
maps to an integer value of ‘32°. After the record is converted to TL encoding, the

30 synchronization sérver further optimizes the record by checking field deltas from a
previous synchronization session. Fields that have not changed are filtered out of the

record, thereby further to reduce OTA traffic. Additionally, for every record that is
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for each of the fields.

Onge the record has been filtered, the synchronization server builds a series of
tag-length sync commands formed of data source, database, and record operations for

5 eachrecord. These synchronization commands make upon the complete

synchronization package that is transmitted to the mobile node using a session
oriented protocol.

Figure 6 illustrates an exemplary tag length encoded synchronization request,
shown generally at 94, that is sent upon.a downlink channel to the mobile node.

10 In the exemplary operation represented in these examples, the
synchronization server detects two field changes, company and phone, from a
previous synchronization session. All of the records that are involved in the
synchronization process are stored in a pending database until a response is returned
from the mobile node. Records that are successfully synchronized are removed from

15  the pending database and a record history is then stored in the synchronization state
database. Once delivered to the mobile node, the encoded packet is parsed, merged
with existing record fields, and then converted to an address book object, whereat the
record 1s updated in the address book database of the mobile node. A response is
returned to the synchronaization server that indicates the status of the packet and any

20 error conditions resulting from the synchronization command.

Figure 7 illustrates a method flow diagram, shown generally at 102,
representative of the method of operation of an embodiment of the present invention.
The method facilitates synchronization of data stored at a network copy database
with data stored at a mobile copy database.

25 First, and as indicated by the block 106, a change to a data record of the
network copy database is detected. Then, and as indicated by the block 108, a map is
formed between the fields of the data record of the network copy database and fields
of a corresponding data record of the mobile copy database. The mobile copy
database has a mobile copy schema. The map indexes together the fields of the data

30 record of the network copy database with the ficlds of the corresponding data record

~ ofthe mobile copy database.
Through operation of the method of an embodiment of the present invention,

a synchronization session is implementable upon detection of a change to a data
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"()-opqgrttttvibimnvh nhap HEBV@@1ds of a data record of a network-copy database, the network-
copy database having a network-copy schema and fileds of a corresponding data
10 record of the mobile-copy database, the mobile-copy database having a mobile
schema, the map ihdexing together the fields of the data record of the network-
database with the fields of the corresponding data record of the mobile-copy
database, said mapper forming the map upon detection of change to the data record
of the network-copy database.
15
2. The apparatus of claim 1 further comprising a detector embodied at
the network part, coupled to the network-part database, and to said mapper, said
* detector for detecting the change to the data record of the network-copy database and
for providing an indication of the change to said mapper.
20
3. The apparatus of claim 2 further comprising a synchronization request
generator embodied at the network part and coupled to said mapper, said
synchronization request generator for generating a network-initiated synchronization
request responsive to formation of the map by said mapper.
25
4, The apparatus of claim 3 wherein the synchronization request formed
by said synchronization request generator comprises indicia associated with the map

generated by said mapper.

30 S. The apparatus of claim 3 wherein the synchronization request formed
by said synchronization request generator further comprises indicia associated with

the data record of which change thereto is detected.
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5 7. The apparatus of claim 6 wherein the data record is formed of a first

field and at least a second field and wherein the values of the data record comprised

in the synchronization request formed by said synchronization request generator

comprises values populating at least one of the first and at least second fields,

respectively.

10
8. The apparatus of claim 7 wherein the values of the data record
comprised in the synchronization request comprise values populating each of the first

and at least second fields.

15 9. The apparatus of claim 5 wherein the fields of the data record of the
network-copy database and mapped by said mapper are of a first number, wherein the
fields of the corresponding data record of the mobile-copy database, the first number

dissimilar with the second number,

20 10.  The apparatus of claim 9 further comprising a filter embodied at the
network part and adapted to receive the synchronization request formed by said
synchronization request generator, said filter for filtering from the synchronization
request map portions in which a ficld of the data record of the network-copy database
fails to have a corresponding field of the corresponding data record of the mobile-

25  copy database, the synchronization request, once filtered, comprising normalized

map values.

11. The apparatus of claim 10 further comprising a converter embodied at
the network part and coupled to said filter to receive the normalized mapped values
30  formed thereat, said converter for converting the normalized mapped values into a
radio air format, for communication to the mobile node pursuant to the

synchronization of the data.
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14.  The apparatus of claim 10 wherein said filter further filters map
portions in which a field of the data record of the network copy database is absent a

10 change.

15, In amethod of communicating in a radio communication system
having a network part at which a network-copy database is maintained and a mobile
node at which a mobile copy database is maintained, an improvement of a method for

15  facilitating synchronization of data stored at the network copy database with data
stored at the mobile copy database, said method comprising:

detecting a change to a data record of the network copy database;
forming a map between fields of the data record of the network copy database having
a network schema and fields of a corresponding data record of the mobile copy

20 database, the mobile copy database having a mobile copy schema, the map indexing
together the ficlds of the data record of the network copy database with the fields of

the corresponding data record of the mobile copy database.

16. The method of claim 15 further comprising the operation of generating a
25 network initiated synchronization request responsive to formation of the map formed

during said operation of forming.

17.  The method of claim 16 wherein the synchronization request
generated during said operation of generating comprises indicia associated with the

30 map formed during said operation of forming.
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from the synchronization request, selected map portions thereof to form normalized

mapped values.

5 ~19.  The method of claim 18 further comprising the operation of

converting the normalized mapped values into a radio air format.

20.  The method of claim 19 further comprising the operation of sending
selected normalized mapped values, once converted into the radio air format, to the

10 mobile node pursuant to the synchronization therewith.




