|  APPARATUS, AND ASSCCI ATED METHOD, FOR FACI LI TATI NG EFFI Cl ENT

COVMUNI CATI ON OF DATA COMMUNI CATED PURSUANT 5 TO A SYNCRHONI ZATI ON SESSI ON
The present invention relates generally to a manner by which to synchronize
dat abase copi es connected by way of a radio air interface. Mre
particularly, the present invention relates to apparatus, and an

associ ated nethod, by which to place data that is 10 conmuni cated upon the
radio air interface pursuant to synchroni zation operations into a formto
facilitate its communication in an efficient manner. A change list is

mai nt ai ned. The change |ist indicates chHanges nade to a database copy that
is to be synchronized. Entries into the change |list are coordinated to

m ni m ze the anbunt of data that needs to be conmuni cated over the radio
air interface 15 during the synchroni zation operations. Coordination of the
change |ist enp\ppaRAPUBYAND ASSWTCEANTED MRTHRODORORMEWCIPIEATNDES to a
dat abase regpRECANIeT COPIMENICNPIGN G PAEA (EHRNITNTC ALPEDIUREBANIG-
Unchanged portions of dat?Tfﬁﬁ??ﬂ%ﬁﬁiéhﬁiﬁﬁﬁ%ﬂéSﬁ@gﬂ)Na change-listing data

format "i s used that avoi dsS the nheed to communi cate nonessential data. By
m ni m zing the anbunt of data that nust be communicated pursuant to a 20

synchroni zat i oITggs&kaninvéhdnhandsigdhdrangedeshabcerbe valitipeadyadhupen t he
radio air interface to performthe synchronization operations is

cor r espondRiigisg P ise APREgied ArKREHOURB oG MElaceiNTE BN UMRIY d8pBEFE of
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whi ch to conmuni cate data. data comunication’service i's a service 25

t hat iis etbmectwataed (tponoughdidar coefacnipaetikono efndatazatDat@ecoomumicat ed
pursuant to the eﬁfectuation of .a ication service is originated at a

1 - CO, g h 1 -
communi cat9Ehl%Be e UntPMFUPIGEPRE Ho-tHCEBIMaM Lat i on target. The
comuni cation syst.ape LiRGk Uesaindd. RhALRNTH R RdfthlS ELARRTUAKE A 4 ON  station
to which the data sourced at the conmunication source i's provided and a
second 30zgbmnenpy Hel srio deayhdmoniselipiredes iofo de chorge g arctdeer@orediiei cat i on
target. TI?Txell"lllI:lllil?},g %he amount of data that needs to be communicated over the radio air interface
15 during the synchronization operations. Coordination of the change list enfries removes
redundant information. Multiple changes to a database record are combined nto a
single, resultant change listing. Unchanged portions of data records are removed. And,
a change-listing data format is used that avoids the need to communicate nonessential
data. By minimizing the amount of data that must be communicated pursuant to a
20 synchronization session, the bandwidth needed to be atlocated upon the radio air

interface to perform the synchronization operations is correspondingly minimized.
BACKGROUND OF THE INVENTION

Many aspects of modern society require the availabitity of communication
systems through which to communicate data. A data communication service is a service
25 that s effectuated through the communication of data. Data communicated pursuant to
the effectuation of a communication service is originated at a communication source and
delivered to a communication target.
The communication system inciudes, at a minimum, a first communication
station to which the data sourced at the communication source is provided and a second
30 comununication station, coupled to, or forming, the communication target. The first

communication station forms a sending station that sends the data upon a communication



communi cation station forns a sending station that sends the data upon a
communi cation 2 channel to the second communi cation station. The second
comuni cation station forns a receiving station. Two-way conmuni cation
services are possi ble when the comuni cation stations are each capabl e of
bot h sendi ng and receiving data. Such conmunication stations 5 provide for
the transm ssion of data therefromas well as for the reception of data
that is comunicated thereto. Comruni cations are sonetinmes also defined in
terns of the nunber of comunication stations involved in a comunication
session pursuant to which the comunication service is effectuated.

Poi nt -t o-poi nt communi cations are effectuated between a pair of

comuni catchame$ teathe eondrdipaimtativosmibhi e picodd connmuriiadat snsn &ness

ef fectuated between a sending station and nore than one receiving station.
The |ntrodﬂ&??ﬁﬁgéwnﬂ%M/types of comuni cation systems, as well as
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bet ween the commini cat i omruni cati on sys

Because thﬁbanaeﬁbﬁ@moﬁdwmneﬂwamnﬁmnmﬁsﬁswﬂom§mﬁhxnmuednummemnnplenentation
of a communi cation as a radi o communi cati on system provi des for
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comuni catj,ghs. 25 Technol ogi cal advancenents that are incorporated into
comuni cation systens include, not only advancenents in comunication

t echnol ogi es, Bt idlslcadvahecentpesof communication systems, as well as

improvements to existing communication systems, is made possible as a result of
technological advancements. Technological advancements, when implemented in

15 communication systems, generally provide for the communication of data atl increased
data throughput rates and at increased levels of accuracy.

A radio communication system is an exemplary type of communication system,

In a radio communication system, wireline connections, conventionaily required to
interconnect communication stations in a conventional, wireline communication system,

20 are obviated. Instead, communication channels are defined upon a radio link formed
between the communication stations of the radio communication system. Because the
need for a wireline connection is obviated, the implementation of a communication
system as a radio communication system provides for various advantages. A significant
advantage is to provide for mobility of communications.

25 Technological advancements that are incorporated into communication systems
include, not only advancemients in communication technologies, but also advancements
i processing technelogies. Advancements in processing technologies are also
incorporated into new, and improved, communication systems. Generally, technological
advancements pertamning to data processing generally pernmit increasingly large amounts

30 of data (o be processed at increasingly quick rates. Modern data processing techniques



in processing technol ogi es. Advancenents in processing technol ogies are

al so incorporated into new, and inproved, comrunication systens.
General |l y, technol ogi cal advancenents pertaining to data processing
generally permt increasingly |large amounts 30 of data to be processed at

i ncreasingly quick rates. Mddern data processing techniques 3 permt |arge
anounts of data to be stored and processed. Radi o communi cati on systens,
as well as others, are regularly used by which to transport data that is
subsequently processed through the use of data processing techniques.
Communi cati on devices, and systens in which the comunication devices are
used, are available by which to perform5 various data processing
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the data &fia stored thereat is selectably retrievable at the request of a user of the device. The

15 data stored at the database is typically also formatted into a series of data records. Each
data record contains one or more data fields populated with data. Upon selection by the
user, the data is retrieved from the database and displayed, or otherwise made available,
to the user. The user is able also to initiate processing operations, such as sorting
operations, to sort, or otherwise process, the data that is contained at, or otherwise forms,

20 the database. Additionally, the user of the personal digital assistant is also able to
change, or add to, the data stored at the databases,

Back-up of the data stored at the personal digital assistant, or other data storage
and processing device, facilitates recovery of the data in the event of loss of the data at
the device. Data back-up procedures are regularly carried out so that a copy of the data

25 remains available in the event of loss of the data at the data and storage and processing
device. Conventional, personal digital assistants, for instance, sometimes provide for
back-up of the stored information at the portable device at a computer workstation, or
analogous device that contains a storage memory depository at which a copy of the
database is stored. Conventional back-up operations between a personal digital assistant

36 and a computer workstation make use of a fixed cable that is positioned to interconnect



the device. Data back-up procedures are regularly carried out so that a
copy of the data 25 renmins available in the event of |oss of the data at
the data and storage and processing device. Conventional, personal digital
assistants, for instance, sonetines provide for back-up of the stored
information at the portable device at a conputer workstation, or anal ogous
devi ce that contains a storage nenory depository at which a copy of the
dat abase is stored. Conventional back-up operations between a personal
digital assistant 30 and a conputer workstation nmake use ofa fixed cable
that is positioned to interconnect 4 tHe devices during the back-up
operations. Once the data is backed-up, the back-up copy is available, if
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one another is 1dentified. Then, overwriting of appropriale data portions is effectuated to
15 place the database and its back-up copy back in complete match with each other.

Other portable devices make use of a radio air interface by which te, amongst
other things, back-up, and synchronize, data stored at databases. Data back-up
operations and data synchronization operations that are performed by way of a radio air
interface are, however, more problematical than operations performed by way of a

20 conventional wireline connection. For instance, bandwidth limitations limit the
communication capacity available for allocation for back-up and synchronization
operations. The use of conventional manners, predicated upon the availability of
wireline connections by which to back-up and synchronize data are, as a general rule,
prohubitively bandwidth consumptive when applied 1o a system in which such operations

25 are performed by way of a radio air interface.

Any manner by which better to provide for the back-up and synchronization of
data by way of a radio air interface would therefore be advantageous.

It is light of this background information related to the synchronization of data
contents of databases by way of a radio air interface that the significant improvements of

30 the present invention have evolved.



communi cation capacity available for allocation for back-up and
synchroni zati on operations. The use of conventional manners, predicated
upon the availability of wreline connections by which to back-up and
synchroni ze data are, as a general rule, prohibitively bandw dth
consunptive when applied to a systemin which such operations 25 are
performed by way of a radio air interface. Any manner by which better to
provi de for the back-up and synchroni zation of data by way of a radio air
interface would therefore be advantageous. It is light of this background
information related to the synchronizatién of data contents of databases
by way of a radio air interface that the significant inprovenents of 30
the present invention have SISYRMARYSOFSUNEARYENTTOR | NVENTI ON The present
i nvention, accordingly, advantageously provi des apparatus, and an
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pursuant tQ synchronization operations between the database copies, e.g.,

t he datab gtggl%/?él?ﬂ%Sgi“ﬁ@&ngflﬁ?lhgp%ﬁtﬁfﬁbp@ {nde fagHdalehis coppRunitidicads anat  a
net wor k. HEffiticesmhmic®. t he change |ist are coordinated to mnimze the
amount of data 15 contained therein and, therefore, to mnimze the anount
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sent upon the radio air interface pursuant to synchronization operations between the
database copies, e.g., the database maintained at the portable device and the copy thereof
at a network.,

Entries into the change list are coordinated to minimize the amount of data

5 contained thereimn and, therefore, to minimize the amount of data that must be
comumunicated upon the radio air interface pursuant to the synchronization operations.

In one aspect of the present invention, coordination of the change list entrics
causes redundant information to be removed or otherwise not entered into the change
fist. For instance, multiple changes o a database record are combined into a single,

20 resultant change listing. Instead of listing each separate change of the multiple changes,
and sending such multiple changes upon the radio air interface, the individual ones of the
changes are combined into a single change entry. Two, or more, changes that have the
cffect of counteracting each other, offset one another, and no entry need be made into the
change listing. And, separate changes made to separate portions of the data, such as

25 separate changes to different fields of a data record are combined into a single change,
such as a single change listing indicating changes to the separaie fields are made.
Thereby, separate change listings do not have to be communicated over the radio air
interface. Instead, only a single change listing needs to be communicated.

In another aspect of the present invention, portions of a data record, or other data portion

30 inwhich changes are not made, are not included in a change list entry. Thereby, data



causes redundant information to be renoved or otherw se not entered into
the change list. For instance, nultiple changes to a database record are
conbined into a single, 20 resultant change listing. Instead of listing
each separate change of the multiple changes, and sending such multiple
changes upon the radio air interface, the individual ones of the changes
are conbined into a single change entry. Two, or nore, changes that have
the effect of counteracting each other, offset one another, and no entry
need be made into the change listing. And, separate changes nade to
separate portions of the data, such as %5 separate changes to different
fields of a data record are conbined into a single change, such as a
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nobi | e node, caphrei aabdREY AS IrR¥IdRGice, i.e., a mobile node, coordination is provided

15 by a synchronization (sync) agent. The sync agent coordinates the entries on the change
Listing to place such entries in efficient form for their subsequent communication upon
the radjo air interface to a network-based synchronization server pursuant to a
synchronization session. Coordination provided by the sync agent optimizes the change
listing enfries in a manner to minimize the amount of data contained therein.

20 Redundancies of the data contained in the change listings is reduced, thereby to reduce
the amount of data that is communicated upon a radio air interface pursuant {o the
synchronization operations.

In these and other aspects, therefore, apparatus, and an associated method, is
provided for a radio communication system. The radio communication system has a

25 network part at which a network-copy database is maintained. And, the radio
communication system has a mobile node at which a mobile-copy database is
maintained. Placement of data stored at a selected one of the network-copy database and
the mobile-copy database into a form to facilitate efficient communication thereol
pursuant {o a synchronization session is provided. A change list is maintained at least at

30 aselected one of the network part and the mobile node. The change list is associated



15 by a synchronization (sync) agent. The sync agent coordi nates the
entries on the change listing to place such entries in efficient formfor
t heir subsequent conmuni cation upon the radio air interface to a

net wor k- based synchroni zati on server pursuant to a synchronization session.
Coordi nati on provided by the sync agent optim zes the change |isting
entries in a manner to mnimze the anmount of data contained therein. 20
Redundanci es of the data contained in the change listings is reduced,
thereby to reduce the amount of data that is comruni cated upon a radio air
interface pursuant to the synchronizati’on operations. In these and other
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invention, and the apMH‘é‘ﬂSﬁlhﬂ’.TION OF THE DRAWINGS

Figure 1 illustrates a functional block diagram of a radio communication system
in which an embodiment of the present invention is operable.
15 Figure 2 illustrates a partial process, partial message sequence diagram showing
operation of an embodiment of the present invention.
Figure 3 illustrates a method flow diagram listing the method steps of the method

of operation of an embodiment of the present invention.

DETAILED DESCRIPTION

20 Referring first to Figure 1, a radio communication system, shown generally at 10,
provides for radio communications, by way of a radio air interface, between a mobile
node and a fixed network part of the communication system. Here, for purposes of
illustration, a single mobile node 12 is shown.

Data is communicated during operation of the radio communication system

25 between the mobile node and the network part to effectuate any of various
communication services. Two-way communication of data is provided in the
communication system 10. Data sourced at the mobile node is communicated by way of

an up-link channel defined upon a radio up-link of the radio air interface. And, data



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 illustrates a functional bl ock
di agram of a radi o comuni cation system in which an enbodi nent of the

present invention is operable. 15 Figure 2 illustrates a partial process,
partial nessage sequence di agram showi ng operation of an enbodi nent of the
present invention. Figure 3 illustrates a nethod flow diagramlisting the

nmet hod steps of the nethod of operation of an enbodi nent of the present

i nvention. DETAILED DESCRI PTI ON 20 Referring first to Figure 1, a radio
comuni cati on system shown generally at 10, provides for radio

comruni cations, by way of a radio air ifterface, between a nobile node and
a Fi xed network part of the communication system Here, for purposes of

i |1 ustrati®omgndcditit setmoli bat abite cdR2mumicbhionsystdaiecdnamonivaadicidted duri ng

operation of the radi o comunication system 25 between the il e node and
Che. net wor RO ol af G ARG CF UL B6S G Gt Ok QI Tade,
Two-way Cofimbir&at.i Phe ffowatidedSsdfOuk dReh hid idibieccCRIMMNQRE hRMnIe Y&t em 10.
Data sourced at the nobile node is comuni cated by way of an up-lin

channel deriina@vinpdrk Berealli o up-1ink of the radio air interface. And, data
8 originated the network. part of the communi cation,systemis .
Comuntoat ed t ol BT S BaE nf nisy Tt SARHE R R oI E Trselaign upon
a radi o doMin-ThHerbssofraiisheiveadiion @iffied NtSFdaLReal BEnatinoWtdrdiapresent s t he
radio air interface and the radio up-link and radio down-link thereof. 5

The net worRhpathe nggbileqede danupestiricdnt s joseeen erronpgessddyshe eclt densed diyver
station , “Rase .t tarkon defi , over e

omet i mes TRPerren s hePIotdhy Moolh AR R R S A BB o o
a | ocat i onwendohpassedr byertidre, wih thedeke nathcbiyer dthinbdble: mpbiiseeicyer
statiaon, the nohile.node is geneyrall apabl e of comuni cating, by way of
the radio pﬁf‘?‘.“icaf%cﬁ’f‘létég‘,slrqu }"t“ﬁ 166%§fé?ﬁcﬁgﬁé%ﬁeﬂ%ﬁ"n@t‘&@i ‘i?ﬁ?raﬁérel%bi l e
node, 10 REEdhpdsSdl BPRddrbasd SafsBROS! ddiRNARERALAP S LGREhosuRERAURNT | Y

in a coverage area
mobile node 1s capable of communication with the base transceiver station in whose

coverage area the mobile node is subsequently positioned.
A relay device 18 is coupled to the base transceiver station 16. The relay device
15 here forms a BES relay. And, in turn, the relay device is coupled to a synchronization
server 24. The relay device and the synchronization server are functionally represented,
here as separate functional entities. In one exemplary implementation, the functions
performed by the separate entities are carried out upon a common device or platform.
The network part of the communication system also includes an administration
20 (Admin) server 26. The administration server is coupled to the synchronization server.
And, the administration server provides administration services to the communication
system. The administration services include, for instance, administrative control over
operation of the synchronization server.
Network-bascd databases are embodied at, or are functionally coupled to, the
25 synchronization server. Exemplary databases are shown in the Figure. Here, a first
database 28, a Lotus™ Notes database, is coupled to the synchronization server. A
second database 32, an Exchange ™ connector for an Exchange-based database is also
functionally coupled to the synhronization server. And, a third database 34 is also
functionatly coupled to the synchronization server. The third database here forms a

30 third-party database. The three exemplary databases are text-formatted, here utitizing an



enconpassed by anot her base transceiver station. Upon such subsequent
novenent, the nobile node is capable of comrunication with the base
transcei ver station in whose coverage area the nobile node is subsequently
positioned. A relay device 18 is coupled to the base transceiver station
16. The relay device 15 here forns a BES relay. And, in turn, the relay
device is coupled to a synchroni zation server 24. The relay device and the
synchroni zation server are functionally represented, here as separate
functional entities. In one exenplary inplenentation, the functions
performed by the separate entities are farried out upon a common device or
platform The network part of the communication system al so includes an
admi ni st r dbitasibl2 3 fladm Ina)ngsega/(emzﬁforfﬁlae Jadne atemiFlatyl iop]Seegion, thecoupl ed
to the syngchroni t|on agrver And, the adm.nistration server provides
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the synchronization server. Network-base ata ases are enbo are
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dat abases 2 ﬁpomn in the Figure. Here, a first database 28, a LotusTM
Not es dat %5 &% s coupled to the synchroni zati on server. A second

dat abase 32, ammra@grw@aﬂgMeﬁﬂ)@ar%ata@thefr%m%oﬁmbaagﬂ- %@Qn‘ﬁ@&i@h S{I%e' s
al so functlonallg coupl ed to the synhroni zation server. And, a t

dat abase 3atapgses28032, fau@éﬂuamm@s ocfdmmleé@ds@ anftedssrnas thomiop e nmha sléqnver
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dat abases 28, 32, and 34 are each forned of a plurallty of data records.

And, é8ch teseof f\«l\é‘eéﬁ%}?omé dpsbasdlohcig e tychangedaged @at@baéﬁwssq%e@&ﬂ@
fields of iﬁch@atéjcﬁ’é@%e egp! A5aRlE 3%?{ e(ﬁ e @89@' gh%d Wl'dt mq‘g@ a ljes. And,

sel ected ones of t dat a-r ecor form ases are
al so enbodkmdkamthm@dmnbwbé4ndmedi@bmkmd1sﬁﬂﬂﬁipa&ﬁdmu&aéhym1Ehﬁmcﬂaiabases

28, 32, and gre, co ies of the databases enbodjed at_the nobile node.
Her e, th 1he tabase 34 embodied af the network part. The database 34 15 a copy of the
database 44.
13 As the databases embodied at the network part and the mobile node are

asynchronously updateable, the copies of the respective databases might fall out of match
with one of another in the event of asynchronous updates to one or the other of the
databases of the database pairs. To place the databases of the database pairs back in
rmatch with one another, synchronization procedures are performed. Pursuant to a

20 synchronization procedure, values of corresponding data stored in the respective
databases are compared. And, if the comparisons indicate the data to be out of match
with one another, the data at one, or the other, of the databases is updated. Thereby, the
databases are brought inio match with one another.

As noted previously, communication resources available upon the radio air

25 interface arc limited. When communication resources are allocated for the
communication of synchronization data, the communication resources available for other
communications is adversely affected. Operation of an embodiment of the present
invention permits the amount of data that is communicated upon the radio air interface
pursuant to a synchronization procedure, thereby to permit more efficient utilization of

30 theradio air inferface and the limited communication capacity thereon.



a first database 38 enbodied at the nobile node is associated with the

dat abase 28. That 1is to say, the database 38 forns a LotusTM Not es

dat abase, and the database 28 is a copy to thereof. And, a second dat abase
42, here an Exchange-based database is associated with the database 32.
The database 32 is a copy of the database 42. And, the nobil e node
includes a third database 44. The database 44 is a third-party database,
and is associated wth the database 34 enbodied at the network part. The
dat abase 34 is a copy of the database 44. 15 As the databases enbodi ed at
the network part and the nobile node ar& asynchronously updateable, the
copi es of the respective databases mght fall out of match wth one of
anot her i n t he Buanbbitf nas)nebdangpsatibdaions 100 00Re edbodiRnob h@e padsciithe
dat abases ,of the database pairs. To place the dat abases of the database
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correspondi ng data stored e respective databases are conpared. And,
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t he data af one, or. the other, of.the databases is updated. There t he
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[imted. en comruni cation resources are allocated for the comrunication

of synchréﬁlﬂ&pwcwwﬁéﬂanc@h@rqumwmﬁmaapfgmﬂm5$mudcesaéMauM@bieféor other

present OB S bePRT e e’ DRSO bR Harast Hatnd 2 BonmuH Bl bon t he
radi o air dafaibedel e end mére%uﬁz@tlhdl&)f@t@b@g%éﬂﬁhi@bf&ﬁn@dﬁsQﬁﬁ&B%th hereby to
permt nore efficient utilization of 30 the radio air interface and the
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the sync servE ther network part, in efficient form free of
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The apparatus also includes a change-list coordinator 58. The change-list

15 coordinator coordinates the entries made to the change listing 52. Here, coordinator is
coupled, indicated by way of the line 62, o receive indications of changes made to the
database, here the database 38. The coordinator coordinates the entries 54 contained in
the change listing so that the entries are free of redundancies and in efficient form. The
change enfries are communicated upon the radio air interface during a synchronization

20 session. By placing the change entries in efficient form, free of redundancies, the
information communicated upon the radio air interface is minimized.

The coordinator modifies change entries associated with a particular data record
when a subsequent change is made to the same data record. Multiple changes to a data

record are combined such that a resultant change entry is formed. The resultant change

[
L

entry indicates the resuitant changes to a data record subsequent to multiple changes
thereto. If, for instance, a subsequent change to a data record counteracts a prior change
to the data record, no change entry is required as the second change offsets the first
change. If an entry has previously been entered into the change listing and the
subsequent change to the database counteracts the earticr-noted change, the change entry

30 can be deleted from the change listing,



5 the amount of data that is comuni cated pursuant to the synchronization
session. The apparatus 50 includes a change listing 52. The change listing
includes a series of entries 54. The entries 54 are each representative of
changes made to a data record of a database. Here, for purposes of
illustration, the change listing 52 is associated wth the database 38,
and the entries thereof are representative of changes nmade to the data to
records of the database 38. Other change listings are associated with
others of the databases enbodied at the nobile node. And, while not
separately illustrated, corresponding &pparatus, in one inplenentation, is
al so enbodi ed at the synchroni zati on server, here also shown at 50. The
appar at us al so Thecdoodsatar shiangedlliisdicaeottnpat iorse®Batc Thelselfangedd dast 15
coordi nator c ordinafes t he %ntries made to the change listing 52. Here,
coor di nat SFCHE M & BRISICSRIYiAdi 10at BdO B3 WespPaiRiG Hengisiec Bpde fpsepaal (A
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coordi nator coordinates the entries 54 contained in the change [1sting so
that the emtlhpesntie stseaial wilkdwniindite sccantlancavekitd.c Aedt pdrooms of Bita

change .entries are communi.cated upon the radig air interface during a
cyncbr ot 3atordRbgo ELTFBHE Huest BoauSTwb X nlbibeatmbs N et B ent
form freengdpgerspdyndanci es, the information conmunicated upon the radio

air interface i s mnimzed. The coordinator nodifies change entries

associ at ed wi t g cpardipaier igeludes as p Sovtignalyiesiiorathsigo§ edoenattaifanddei s made
to the sane. |tiple echanges.to a data record are conbined
such thatm@”%@%ﬁ??§ﬁ§%%ﬁéngé%éﬁ?ﬁfﬁﬁ§ﬁf&?ﬁ%&?“?ﬁ%ﬁf%é% %gﬁge@igﬁﬁg‘ZS entry
i ndi cat es Thheéomesisl bparhics hafig@st the chad@tcati 8 cetsdRighs aqaenrhethensddihi pl e
changes theretq. If, for instance, a subsequent change to a data record
count &P ac ¥Rl p ADEHCERLEY ehangs cpifg SHaBcHecHr dormided kay L BARKY 2i1ae r equi r ed
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been entere& into the change ]lstlng and t hie subsequent change t© the
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formatier 66 into the tag length format is communicated pursuant to a synchronization

15 session, the station that receives the values of the entry, here, e.g., the synchronization
server, the length of the entry is determinable by evaluation of the value populated in the
tag length portion of the entry. The need otherwise to utilize null terminators to indicate
the end of an entry is obviated.

Figure 2 illustrates a message sequence diagram, shown generaily at 82,

20 representative of operation of the communication system 10, shown in Figure 1, to place
the entries contained in a change listing into optimal form to facilitate minimization of
the data required to communicated upon the radio air interface pursuant to a
synchronization session. First, and as indicated by the block 84, detection is made of a
change to any of the data records of a database, here, e.g., the database 38. Then, as

25 indicated by the decision block 86, a determination is made whether a change entry is
already contained in the change listing associated with the database. If a change listing
already exists for the database entry, the yes branch is taken to the block 88. And, as
indicated at the block 88, the changes to the data record are combined. And, as indicated
by the block 92, a resultant change enfry is place in the change listing. If the additional

30 change to the data record is a change to a separate data field, the cumulative changes are



record in a single entry 54. That is to say, if separate changes are nade
to separate data fields of a single data record, such changes are
indicated in a single entry. Thereby, multiple entries associated with a
single data record are avoided. And, portions of a data 5 record that do
not include changes are renoved, or otherw se are not included in the
change entry. The coordi nator includes, as a functional portion thereof, a
formatter 66. The formatter 66 operates to format the change entries
contained in the change listing 52. The formatter operates to format the
change entries according to a tag | engthZencoding 10 format. An exenplary
change entry 54 indicates the formatted entry to include a tag |I|ength

val ue 68, @ntomdemd Hathgd 2ntrandidedsahy Adsuligant 4hanpbetovidk detadield hE tiiag
length indicates the |length of the chanqe entry. Null tem nators are not
requi red, BHEPIEABERITGENICE PiReIORE, RFHIEE BT 6 TBISE- vari abl e | engt hs.
When an entry, QI MO ARCLOHIAILRIOBALMEPIAR o 30.ckRIBL Bufige Bt 1S
conmmruni cat ed pursuant to a synchronization i session, the st

recei ves telnaryvsah(ueaﬂ;l cady tdngaiset mythe blemee listige, thd Itrebrs,ya:ichrtaimMMthmbiocl«ser ver

t he | engt he entr | e by. evaluatjon o _

popul o2 nty Behqngg IF‘é%ngo% i BRR ey ﬁ@lﬂéﬁbﬂva S e b Rt e <o
utilize nielyid-eremcaaheig dndiingiacat io alta%h%gé lg;tmgn entry is obviated.
Figure 2 illustrates a nmessage sequence di agram shown generally at 82, 20
represent ati ve ‘ficigpamativns thén whée, commicaiehby dn dsyisioermldd, 9shotn in Figure
1, to pla the entries co nto ormto
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i ndi cated by the bl ock 84, detection is made of a change to any of the
dat a r8coruichepnizalpa sebaeibls Ipdeed, @eg'es brapeh dtkiia e SEBIOTHERON 485SPR) Is
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the yes branc taken to the block 88. And, as indicated at the bl ock
88, the cﬁéfﬁ %Agbthteﬁ@&laa%taw@e@dﬁa SHBIHEHBIch I erpid i 46 Qi PaRt od by the
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t5  with each other.

Because the entries contained in the change listing are formatted into tag-length,
encoded format, and because redundancies in the information are removed, the
communication resources that need to be allocated upon the radio air interface to
communicate the change history information pursuant to a synchronization session is

20 minimized. Efficient usage of the limited resources available to the communication
system upon the radio air interface are efficiently utilized.

Figure 3 illustrates a method flow diagram, shown generally at 112, listing the
method steps of the method of operation an embodiment of the present invention. The
method facilitates placement of data stored at a selected one of a network-copy database

25 and a mobile-copy database into a form to facilitate its efficient communication pursuant
to a synchronization session.

First, and as indicated by the block 114, a history of changes indicative of
changes to the selected one of the network-copy database and the mobile-copy database
arc coordinated. Pursuant to the coordination, the history of changes includes only non-

36 redundant change listings. And, as indicated by the block 116, the coordinated history of



30 change to the data record is a change to a separate data field, the
cunul ati ve changes are 12 conbined and the change entry indicates the
resultant changes to the data field. If the nultiple changes counteract
one anot her, no change entry is required. If the determ nation made at the
decision block 86 is that a pre-existing change entry is not already
contained in the change listing, the no branch is taken to the block 5 94,
and a change listing is forned. And, then, a branch is taken to the bl ock
92, and the new y-created change entry is placed into the change listing.
A determination is then made, as indicat®d by the decision block 96, as to
whet her a synchroni zati on session has been initiated. If not, the no branch
i's taken baekgestage plheedihckeBdige tliktensibyided of aRbirgdpendmpionebr 0g ehanges to

t he database. |f, however .10 synchroni zation session is initiat?d, t he
yes brancP¥ienddhemobile aodfcthrigiorzatqdh te bsdiebrokwopy Ariebascsad dig mebilsy t he
nobi |l e no . 4'¢ ~of . t.he:..con J.Cat. VSt B4 ¢ ries
containedq?HQPﬁgMﬁﬁgﬁagﬂﬁw@%?ﬁgﬂgﬁga%gigg?gﬁﬁgﬂﬁgf??%ggﬁﬁéﬁd&%gﬁﬁgﬁ%cated,
as i ndi cabetloby 1{ hesysdgompniticdkOperdtiont he gyfochedni zat i on server of the
network part. ubsequent synchronization operations determ ne whether the
dat abades are i'w st Hmfgg@%fﬁmgﬁﬁﬂmbﬁﬁépgmgé%'E R ILmEr e ShEYt ai ned i n
the changenlistadgladddan o dBlited itheb RnlBReNhe 280GRAAEdf.0hiBhast 3B
because redundancies in the informati on are renoved, the conmmunication

r esour ces cehanumeddl upyniibe wdiouaindet fanggpnraubet toadiyoctapnizithtresdssior. t o
comuni cat e t he~change history information pursuant to synchroni zati on
session is 20 (r%rlrhr? iprlng‘g%u =i I?t%:/qné At (ﬂfn’g%}gngfi ef%&fzf ﬁﬁl tl@B%Pé‘ ’61(1}%%65 avai l abl e
to the conmuenticatandnhe Sypt emiepoventioe shadi aothdectsatiBriceaiad By efif i ciently
utilized. Figure 3 _illustrates a method flow diagram shown generally at
112, 1I'? st CRYTIPHEN. HBE FoweSf Hipprefent Hyepamis dleBrebpeihstpber u @HBSdi ment  of
the present invention. The nethod facilitates placenent of data stored at
a selected one of a network-copy database 25 and a nobil e- copy dat abase
into aformto facilitate its efficient conmunication pursuant to a
synchroni zati on sessi on.



First, and as indicated by the block 114, a history of changes indicative
of changes to the sel ected one of the network-copy database and the
nobi | e-copy database are coordi nated. Pursuant to the coordination, the
hi story of changes includes only non 30 redundant change |istings. And, as
i ndi cated by the block 116, the coordinated history of 13 changes are

pl aced into a change |ist naintained at & correspondi ng one of the network
part and the nobil e node that corresponds to the network-copy database and
t he nobi | eClgiapy dat abase of which the history of changes is indicative.
Then, and as inqicated by the block 118, synchronjzation operations are
performed. 5 By lcoor diPtRaRfysdovhier axlatigass @ phtynshrenprbledy way diidadingige

| ISHING,  { RRGNGE wibh LhEP(R) Bl A hfpaflild Gafiierl 0 g%;nt hereby to

m nimze the anpunt” of conmuni cat e the radio air
i nterface pursuarchartge lst €2netmoniaaritlothesietbasensaid bkarpedst compdesiorfi pt i ons

are of preferred exa es for inplenmenting th i nventjon,, and the scope of
The nvont FOMEERBGoR Ch: OReDEs Ry B et PR ¢ Sengrsonde 1o 1 TossiTgtiion.
The scope @ftabfig, present invention is defined by the follow ng clains: 14
Clainms: 1. Apparatus g50) for a database (38) synchronizable by way of a
radio air intepthangelsayouilnatos (TDmgagiad)o teheiveotdicasighslobgpagestnare to

characteri a6 e | 2). associ at with th at,.abas id
change 11 stecBge S sl SRR el bl P RIRTRELSE Poldpard i AR
hi story of cehanges sailichahge liftauclp HaeERMNIODS cH@lRb astided nehanliRdhntst
coordi nator, (58) adapted to receive indications of changes made to the

dat abaki, SRANge EHuHGED Mhigh e chIneaesity Ehrideiified chaubdet dianatseofidi history
of ChangesﬁdQQBFB{%ﬁ&ﬁh%g%@ﬁqﬁ&ﬂ@%gﬁfkhﬁ%a§H%§%that the history of changes
a change I'is g

i ncl udes non-redundant ings 1n i ch each change entry (54)
identified cumul ated changes of data fields of an associated data record
of the database,(38),, 2. The apparatus (5O) of claim 1 vherein, each data
least one data field, and wherein said change list coordinator coordinates the history of
15 changes such that, for any data record, the change listing notes changes, if any, to the at
least one data field of the data records and exclude data fields of the data records that are

absent changes.

3. The apparatus (50) of claim 2 wherein said change list coordinator (58)
20 coordinates the history of changes such that the change list notes, for each data record
containing a change, a single resultant data record, in which changes, if any, are

cumulated and the single-resultant data record is formed as a result thereof.

4, The apparatus (50) of claim 3 wherein the changes to at least one data
25  record comprise a first change to a selected data field thereof and a second change to the
selected data field, and wherein the single resultant data record is formed of a cumulated

result of the first change and the at least the second change.

5. The apparatus (50) of claim 4 wherein the second change negates the first
30  change and wherein said change-list coordinator (58) further coordinates the history of
changes contained in said change list (52) to prevent inclusion in the change list to

prevent inclusion in the change list of changes that negate one another.



| east one data field, and wherein said change |ist coordi nator coordinates
the history of 15 changes such that, for any data record, the change
listing notes changes, if any, to the at | east one data field of the data
records and exclude data fields of the data records that are absent
changes. 3. The apparatus (50) of claim2 wherein said change |i st

coordi nator (58) 20 coordinates the hisltSiory of changes such that the
change list notes, for each data record containing a change, a single
resultant data record, in which changes, if any, are cunulated and the

single-resultant data record is formed as a result thereof., 4. The
appar at us (50) Bf cl aPfrPEPaRRBY 10% of plaing A arhyedn thy dhangesdet sag ogafataos
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second change to t ata and erern the single resultant
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| east the sgcond change., 5. e paratys (50) ,of claim4 wherein the
second chaﬂ@%eﬁ@ﬁéggg%gﬂgaﬁkigﬁxﬂgﬁS%ﬁ@ﬁé@ggﬁédWﬁéﬁ%fn sai d change-1i st
coordi nator (58) further coordinates the history of changes contained in

said change list (52) to prevent inclusion in the change list to prevent
i nclusion in thé chahbeaphasatuofS0shhiclges 6 visteinmdgatinglonsubdadidhiarrecotd 6. The
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change to a second selected data field thereof, and wherein the single
resultant data record is fornmed 5 of the first selected data field and the
second el ect ed®-dat aTh¢ anaratys (Sphef dpigat adeeeiy §)higprycoizhmes whsleiied ig he
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| wherei n ddietelmstiewabfes.changes contained in said change |ist and
coordi nated by said change |ist coordinator are formatted to be free of
null term nated values. 9. The apparatus (50) of claimI| wherein said

change |ist coogdi natgy af38kus 55) SHEILRET WHOPTRE LS8 Shah o UsMBId@hatlobBs) Sai d
formatter (66) for formatting each change |1 st
15 further comprises a formatter (66), said formatter (66) for formatting each change list
identifying of the history of changes contained in said change list (52) to be of a selected

format.

10. The apparatus (50) of claim 9 wherein the selected format by which the
20 formatter (66) of said change list coordinator (58) formats each change list includes a tag

length encoding format.

11. The apparatus (50) of claim 10 wherein said change list (52) is of at least
a first selected change-type of a set of change-types, the change-type defining a tag, the
25  tag contained in the change (list) when formatted pursuant to the tag length encoding

format.

12. The apparatus (50) of claim 10 wherein said change list (52) is of a
selected listing length, the history when formatted pursuant to the tag length encoding

30  format.



identifying of the history of changes contained in said change list (52) to
be of a selected format. 10. The apparatus (50) of claim9 wherein the
selected format by which the 20 formatter (66) of said change |i st

coordi nator (58) formats each change list includes a tag |ength encoding
format. 11. The apparatus (50) of claim 10 wherein said change list (52) is
of at least a first selected change-typ® of a set of change-types, the
change-type defining a tag, the 25 tag contained in the change (list) when
formatted pursuahit t@hthgpdratgs (ot blagndOditireein kad mhinge1Rt (SEhes fagepsr at us
(50) of claim10 mhfrein saj d change li%éﬁ(Sﬁ) ia,of a segected listing

| engt h, t hETRIEYMAIURR EPABIGSERUHC PUFSRIHRE Chyeenistingidhfgalyt h encoding 30
format. 16 13. The apparatus (50) of claim 10 wherein said change |i st
(52) is free of term nator val ues separating separate ones of the change
listings thereof4. 14ThThppaagpaéd vEclebo) vdferahadichchangedise(32) sadft: whatage
list (5;) is of a selected 5 maxinmum size. 15. A nethod (112) of
comuni-tat fAYTH" §%Fadi o conmmuni cation system (10) having a network part
at which a network copy database (28) is maintained and a nobile node (12)
at which a nobile copy database (38) is nmuintained, said nmethod (112) for
10 facilitatinglpl acehmethogf(l it cotmprumicaing an 8 sddee pertimonisaben sysenhelor k

copy dat abﬁ‘a%/?n %gétwoﬁpﬁarpﬁp&fﬁi %1%%gévoggﬁc?}?gﬁﬁgé%g&%%ﬂé &ai%t%i%ﬁﬁdoa faglitate

efficient ¢o icatio er eo roni zat1 on session, said

met hod conpsdesil Dgkt vdaek givdile BgpK datdhasa(38)sd Mahtdhed; hanpAsthbo di Atthve of
changes to_a_sel ected one of the network copy database and the rmbyiegée copy

dat aba¥e s{ietitatingrlaceacnt ot ity stered ahangledied e8¢ Phibe galEwTk RaPyEARNTE? (
oL RO AU PRR0R ) AR SR I, gl henar
recor ds of astiheet el syotlednzagomnfestibe, sdalt rabhsé somansing:
coordinating (114) a history of changes indicative of changes to a selected one of
the network copy database and the mobile copy database such that the history of changes
15 includes change entries containing only non-redundant change listings (54) and in which
each change entry identifies cumulated changes of data fields of an associated data
records of the selected one of the databases; and
placing (116) the history of changes coordinated during said operation of
coordinating into a change list (52) maintained at a corresponding one of the network part

20  and the mobile node (12), corresponding to the selected one of the network copy database

(28) and the mobile copy database (38) of which the history of changes is indicative.

16. The method (112) of claim 15 wherein data maintained at the network
copy database (28) and at the mobile copy database (38) is formatted into data records,

25  each data record formed of at least one data field, and wherein coordination performed
during said operation of coordinating (114) comprises coordinating the history of changes
such that, for any data record, the change listings note changes, if any, to the at least one
data field of the data records and exclude data fields of the data records that are absent
changes.

30

17. The method (112) of claim 16 wherein coordination performed during said

operation of coordinating (114) comprises coordinating the history of changes such that,



pl acing (116) the history of changes coordinated during said operation of
coordinating into a change list (52) naintained at a correspondi ng one of
the network part 20 and the nobile node (12), corresponding to the

sel ected one of the network copy database (28) and the nobil e copy database
(38) of which the history of changes is indicative. 16. The nmethod (112)
of claim 15 wherein data maintained at tle network copy database (28) and
at the nobile copy database (38) is formatted into data records, 25 each
dat a recor thrfaoy e refordtthe elsige divgnghg52) ddtetithngasdf miyetcethn atieastdnadbtaon

per f or med ri ai d operation of coordinating (114) conprises
coor di nat i ﬁgllétorfglg%%éi‘ W?chftﬁ%ﬁ%ﬁﬁgm Cglﬁ’ég?st hat, for any data record, the
change listings note changes, if any, to the at |least one data field of

the data records and exclude data fi QI ds of t.he data records that are
absent changesl!8.30 The nEtwdrei Mo cfaid2)7 whercingdhecliz gohteraleascowrdiaat i on

perforned during said ration of .coordinati 114), conpri Ses

Poor di ot 1 irgeiHeriitiste S FRisy Sscigteh SeR el e'edt e ERTPRAFE e olS, « e
change |i stdiags dd2licldehe valtans @ sihdle aRMitardt Aatahecll id RAGEd 0NE celatiatedf i el d
of the data records that are absent changes. 18. The nethod (112) of claim
17 wher ei nresHeothangeshapgeand thast lewn thedeeendchesgdr d conpri ses a first
change to a selected data field thereof and a second change to the

selected data field and wherein the single resultant data record is forned
of a cunul at ed 19.esullhe afetHode 1 f2)regtclahasgehaed thdhecahd bieagt nefresie G

change. 19., The hod (11 of claim 18 wherein the second _change. negates
g Hﬂgé( ) : : "g(éll“%g

9., [
the first ChADEEHEhYBOENGCORKEPEIN RESOFEEh RS PPERRITOIRPPT Hppteg
operation | (R To FRNANE r i Si i.n the change
| i st chang@gtht at %rﬁgﬁfé“fg‘glé’&é‘]‘ﬁfo? agéé H%()Ch%%\é%?ﬁ %g%f#é%: al ér% 15 wherein
sai d operation of coordinating (114) further conprises formatting each

change listing 3! to Pré l%let %Ei%? c{a?rkq%t\i/herein said operation of coordinating (114)

further comprises formatting each change listing into a selected format.



