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OPTIMIZED DATABASE TECHNIQUE TO 
ENABLE FASTER DATA SYNCHRONIZATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
application Ser. No. 09/710,605, entitled “OPTIMIZED 
DATABASE TECHNIQUE EO ENABLE FASTER DATA 
SYNCHRONIZATION,” ?led Nov. 20, 2000, to be issued as 
US. Pat. No. 7,113,963, assigned to the assignee of the 
present application. The subject matter in the above-identi 
?ed co-pending and commonly oWned applications are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to database design. 
More speci?cally, the present invention pertains to a method 
and system that enables faster data synchronization betWeen 
different databases. 

[0004] 2. RelatedArt 

[0005] Computer systems and other electronic devices 
have become integral tools that are used extensively to 
perform a Wide variety of useful operations in modern 
society. Applications of computer systems can be found in 
virtually all ?elds and disciplines, including but not limited 
to business, industry, scienti?c research, education and 
entertainment. For instance, computer systems are used to 
analyze ?nancial data, to control industrial machinery, to 
model chemical molecules, to deliver classroom presenta 
tions and to generate special effects for movies. Moreover, 
computer systems along With other electronic devices are 
?nding neW applications as a result of advances in hardWare 
technology and rapid development in softWare technology. 
The groWing affordability of computer systems and elec 
tronic devices together With the abundance of useful neW 
applications have fueled strong demand for such systems 
and devices. 

[0006] Included Within this broad category of computers 
and electronic devices. is the personal digital assistant 
(commonly referred to as a PDA). Speci?cally, as the 
components required to build a computer system have been 
greatly reduced in size, neW categories of computer systems 
have emerged. One of these neW categories of computer 
systems is the PDA. A PDA is a portable computer system 
Which is small enough to be held conveniently and com 
fortably in the hand of its user. In particular, a popular size 
for the typical PDA approximates the size of a palm. 

[0007] The PDA is usually a battery-poWered device that 
is typically used as an electronic organizer having the 
capability to store and display a Wide range of information 
Which can include numerous addresses and telephone num 
bers of business and personal acquaintances, ?nancial infor 
mation, daily appointments, along With various other per 
sonal information. As such, the PDA is able to consolidate 
a Wide variety of information and make the information 
easily accessible by its user. Therefore, PDAs are very useful 
and have gained Wide popularity. 

[0008] PDAs usually has a built-in database (e.g., as part 
of the system softWare) for storing the Wide variety of 
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information as described above. Moreover, PDAs typically 
have the capability to communicate information With 
another system, such as to a desktop computer system via a 
cradle. In many cases, the desktop computer system also 
store the same kind of information as the PDA With Which 
it communicates in its oWn database. In betWeen instances of 
such data communications, the information on either the 
PDA’s or the desktop computer system’s database may have 
been changed (e.g., updates, additions, deletions) by the 
user. It is also possible that information in both databases 
have been modi?ed. For example, a user may have added a 
neW entry into the address book of the PDA, and that 
particular addition has not yet been made to the desktop 
system’s database. Under such circumstances, When the 
PDA and the desktop system engage in a communication 
session, data synchronization betWeen the tWo databases 
needs to be performed so that the correct information is 
propagated to both databases. 

[0009] Currently, some PDAs employ tWo different modes 
of synchronization, namely: a sloW sync mode and a fast 
sync mode. According to this implementation, a fast sync is 
applicable only in a limited number of situations, such as 
during the ?rst synchronization after a database has been 
modi?ed. In a subsequent synchronization With a different 
database, such as a database on a different desktop system, 
a fast sync is not appropriate and a sloW sync is required. 

[0010] As their names indicate, a sloW sync requires more 
time to complete than a fast sync. This is because While a 
fast sync simply Works on data records that are marked as 
modi?ed, a sloW sync performs a record-by-record compari 
son for the entire database. Indeed, a sloW sync takes up an 
incrementally longer time period to complete as the size of 
the database (e.g., measured by the number of data records) 
that needs to be synchronized increases. As such, it can be 
an inconvenience to users, especially those Who frequently 
need to synchronize their hand-held device With multiple 
desktop systems, Which typically include a home computer 
and an of?ce computer. As hand-held computer technology 
advances and its applications multiply, an increasing number 
of users utilize hand-held computers and PDAs to store 
information Which eventually needs to be stored in a desktop 
system, or as a conduit to propagate information betWeen 
different systems or devices. Therefore, it Would be advan 
tageous to come up With a technique that can speed up the 
rate of data synchronization in situations Where a sloW sync 
Would have been required under the existing approach. 

[0011] Another shortcoming of the tWo-mode data syn 
chronization approach, Where fast sync is used in some cases 
and sloW sync in others, is that it necessitates extra pro 
gramming for developers of applications for PDAs. In 
particular, since different sync modes are needed under 
different scenarios, developers need to incorporate program 
code in PDA applications for determining Which sync mode 
to use in a given situation. Such a requirement is undesirable 
because the extra program code could prolong the develop 
ment cycle and introduce added complexity to the applica 
tions. Thus, it Would be bene?cial to provide an approach for 
data synchronization Which is ef?cient in terms of speed and 
Which does not employ multiple modes of synchronization 
depending on the particular situation. 

SUMMARY OF THE INVENTION 

[0012] It Would be advantageous to provide a method and 
system for data synchronization that does not require a long 
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time period to complete. Furthermore, it Would also be 
advantageous for such method and system not to introduce 
extra complexity into development efforts such that appli 
cation development cycles Would not be adversely affected. 

[0013] Accordingly, the present invention provides a 
method and system that enables faster data synchronization 
betWeen different databases. More particularly, embodi 
ments of the present invention eliminate the need to perform 
record-by-record comparison of all data records in the 
databases being synchronized. The lengthy synchronization 
process inherent in the prior art sloW sync approach and the 
inconvenience associated thereWith is thus advantageously 
eliminated. Moreover, since embodiments of the present 
invention are capable of handling data synchronization 
irrespective of Whether an earlier synchronization has been 
performed, the need for a dual-mode (e.g., fast sync and 
sloW sync) synchronization approach is bene?cially elimi 
nated. As such, the complexity of application development 
is greatly reduced, thereby simplifying the job for applica 
tion developers. ‘Thus, the present invention provides a 
superior approach to data synchronization over the prior art. 
These and other advantages of the present invention not 
speci?cally mentioned above Will become clear Within dis 
cussions of the present invention presented herein. 

[0014] More speci?cally, in one embodiment of the 
present invention, a method for synchronizing data records 
betWeen databases is provided. Initially, a ?rst database is 
designated as a source database and a second database as a 

target database. The modi?cation ?ag of a ?rst data record 
in the source database is examined. If the ?rst modi?cation 
?ag is set, the ?rst data record is propagated to the target 
database. On the other hand, if the ?rst modi?cation ?ag is 
not set, a ?rst modi?cation count of the ?rst data record is 
compared With a second modi?cation count of a correspond 
ing data record in the target database. In this embodiment, 
each of the modi?cation counts is a value indicating hoW 
many times the respective data record has been modi?ed. If 
it is determined that the ?rst modi?cation count has a higher 
value than the second modi?cation count, the corresponding 
data record is updated according to the ?rst data record. 
Importantly, the method of this embodiment can be carried 
out as described Without comparing the raW data of the data 
records. As such, this embodiment of the present invention 
advantageously eliminates the record-by-record comparison 
that is inherent in the prior art synchronization process and 
the inconvenience associated thereWith and provides an 
ef?cient data synchronization technique that can be bene? 
cially utilized in numerous applications. 

[0015] In a speci?c embodiment, the present invention 
includes the above and Wherein the ?rst database and the 
second database reside in different host systems. In a cur 
rently preferred embodiment, the ?rst database resides in a 
personal digital assistant (PDA). In one embodiment, the 
PDA runs on the PalmOS. Furthermore, in another embodi 
ment, the second database resides in a computer system to 
Which a PDA can be coupled via a cradle device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The accompanying draWings, Which are incorpo 
rated in and form a part of this speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to explain the principles of the invention: 

Jan. 18, 2007 

[0017] FIG. 1 is a system illustration of an exemplary 
personal digital assistant computer system connected to 
other computer systems and the Internet via a cradle device. 

[0018] FIG. 2A a top side perspective vieW of an exem 
plary personal digital assistant computer system. 

[0019] FIG. 2B is a bottom side perspective vieW of the 
personal digital assistant computer system of FIG. 2A. 

[0020] FIG. 3 is an exploded vieW of the components of 
the exemplary personal digital assistant computer system of 
FIG. 2A. 

[0021] FIG. 4 is a perspective vieW of the cradle device for 
connecting the personal digital assistant computer system to 
other systems via a communication interface. 

[0022] FIG. 5 is a logical block diagram of circuitry 
located Within the exemplary personal digital assistant com 
puter system of FIG. 2A. 

[0023] FIG. 6 is a block diagram of a system practicing 
data synchronization in accordance With one embodiment of 
the present invention. 

[0024] FIG. 7 illustrates an exemplary database layout in 
accordance With one embodiment of the present invention. 

[0025] FIG. 8 is a How diagram illustrating steps for 
synchronizing data records betWeen different databases in 
accordance With one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] In the folloWing detailed description of the present 
invention, an optimized database technique that enables 
ef?cient data synchronization, numerous speci?c details are 
set forth in order to provide a thorough understanding of the 
present invention. HoWever, it Will be recognized by one 
skilled in the art that the present invention may be practiced 
Without these speci?c details or With equivalents thereof. In 
other instances, Well knoWn methods, procedures, compo 
nents, and circuits have not been described in detail as not 
to unnecessarily obscure aspects of the present invention. 

Notation and Nomenclature 

[0027] Some portions of the detailed descriptions Which 
folloW are presented in terms of procedures, steps, logic 
blocks, processing, and other symbolic representations of 
operations on data bits Within a computer memory. These 
descriptions and representations are the means used by those 
skilled in the data processing arts to most effectively convey 
the substance of their Work to others skilled in the art. A 
procedure, computer executed step, logic block, process, 
etc., is here, and generally, conceived to be a self-consistent 
sequence of steps or instructions leading to a desired result. 
The steps are those requiring physical manipulations of 
physical quantities. Usually, though not necessarily, these 
quantities take the form of electrical or magnetic signals 
capable of being stored, transferred, combined, compared, 
and otherWise manipulated in a computer system. It has 
proven convenient at times, principally for reasons of com 
mon usage, to refer to these signals as bits, values, elements, 
symbols, characters, terms, numbers, or the like. 

[0028] It should be borne in mind, hoWever, that all of 
these and similar terms are to be associated With the appro 
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priate physical quantities and are merely convenient labels 
applied to these quantities. Unless speci?cally stated other 
Wise as apparent from the following discussions, it is appre 
ciated that throughout the present invention, discussions 
utilizing terms such as “designating”, “examining”, “propa 
gating”, “comparing”, “updating”, “incrementing” or the 
like, refer to the action and processes of a computer system 
(e.g., FIG. 5), or similar electronic computing device, that 
manipulates and transforms data represented as physical 
(electronic) quantities Within the computer system’s regis 
ters and memories into other data similarly represented as 
physical quantities Within the computer system memories or 
registers or other such information storage, transmission or 
display devices. 

[0029] Aspects of the present invention, described beloW, 
are discussed in terms of steps executed on a computer 
system. These steps (e.g., process 800) are implemented as 
program code stored in computer readable memory units of 
a computer system and are executed by the processor of the 
computer system. Although a variety of different computer 
systems can be used With the present invention, an exem 
plary personal digital assistant computer system is shoWn in 
FIG. 5 further beloW. 

An Illustrative Computer System Environment 
Within Which Embodiments of the Present 

Invention can be Practiced 

[0030] Referring noW to FIG. 1, a system 50 that can be 
used in conjunction With the present invention is shoWn. It 
is appreciated that the method and system for synchronizing 
data records betWeen databases of the present invention can 
be used in conjunction With any computers system and that 
system 50 is illustrative rather than limiting. It is further 
appreciated that the portable computer system 100 described 
beloW is only exemplary. System 50 comprises a host 
computer system 56 Which can either be a desktop unit as 
shoWn or alternatively, can be a laptop computer system 58. 
Optionally, one or more host computer systems can be used 
Within system 50. Host computer systems 58 and 56 are 
shoWn connected to a communication bus 54, Which in one 
embodiment can be a serial communication bus, but could 
be of any of a number ofWell knoWn designs, e.g., a parallel 
bus, Ethernet, Local Area Network (LAN), etc. Optionally, 
bus 54 can provide communication With the Internet 52 
using a number of Well knoWn protocols. 

[0031] Importantly, bus 54 is also coupled to a cradle 60 
for receiving and initiating communication With a personal 
digital assistant computer system 100. Cradle 60 provides an 
electrical and mechanical communication interface betWeen 
bus 54 (and anything coupled to bus 54) and computer 
system 100 for tWo Way communications. Computer system 
100 also contains a Wireless infrared communication mecha 
nism 64 for sending and receiving information from other 
devices. Within the scope of the present invention, data 
records stored in a database residing in computer system 100 
car1 be synchronized, in a highly ef?cient manner, With data 
records stored in a different database, such as one residing 
in desktop computer system 56 or laptop computer system 
58. A more detailed description of the structure of an 
illustrative implementation of computer system 100 and its 
operation in conjunction With a method for synchronizing 
data records betWeen databases in accordance With one 
embodiment of the present invention is presented further 
beloW With reference to FIGS. 6 and 7. 
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[0032] With reference to FIG. 2A, a perspective illustra 
tion of the top face 10011 of exemplary personal digital 
assistant computer system 100 is shoWn. Top face 110a 
contains a display screen 105 surrounded by a bezel or 
cover. A removable stylus 80 is also shoWn. Display screen 
105 is a touch screen capable of registering contact betWeen 
the screen and the tip of stylus 80. Stylus 80 can be 
fabricated of any material Which can make contact With 
screen 105. Top face 100a also contains one or more 
dedicated and/or programmable buttons 75 for selecting 
information and causing computer system 100 to implement 
functions. An on/olf button 95 is shoWn as Well. 

[0033] Referring still to FIG. 2A, a handWriting recogni 
tion pad or “digitizer” containing regions 106a and 10619 is 
also shoWn. Speci?cally, region 10611 is for the draWing of 
alpha characters therein for automatic recognition and 
region 1061) is for the draWing of numeric characters therein 
for automatic recognition. Stylus 80 is used for stroking a 
character Within one of the regions 106a and 10619. The 
stroke information is then fed to an internal processor for 
automatic character recognition. Once characters are recog 
nized, they are typically displayed on screen 105 for veri 
?cation and/or modi?cation. 

[0034] FIG. 2B illustrates the bottom side 1001) of one 
embodiment of personal digital assistant computer system 
100. An optional extendible antenna 85 is shoWn, and a 
battery storage compartment door 90 is shoWn as Well. A 
communication interface 108 is also shoWn. In one embodi 
ment of the present invention, the serial communication 
interface 108 comprises a serial communication port, but it 
could also alternatively be of any of a number of Well knoWn 
communication standards and protocols, e.g., parallel, small 
computer system interface (SCSI), Ethernet, FireWire (IEEE 
1394), etc. 

[0035] With reference noW to FIG. 3, an exploded vieW of 
the exemplary personal digital assistant computer system 
100 is shoWn. System 100 contains a front cover 210 having 
an outline of region 106 and holes 7511 for receiving buttons 
75b. A ?at panel display 105 (both liquid crystal display and 
touch screen) ?ts into front cover 210. Any of a number of 
display technologies can be used, e.g., liquid crystal display 
(LCD), ?eld emission device (FED), plasma, etc., for the ?at 
panel display 105. A battery 215 provides electrical poWer. 
A contrast adjustment (potentiometer) 220 is also shoWn. 
On/olf button 95 is shoWn along With an infrared emitter and 
detector device 64. A ?ex circuit 230 is shoWn along With a 
PC board 225 containing electronics and logic (e.g., 
memory, communication bus, processor, etc.) for imple 
menting computer system functionality. The digitizer pad is 
also included in PC board 225. A midframe 235 is shoWn 
along With stylus 80. Position adjustable antenna 85 is also 
shoWn. 

[0036] Additionally, a radio receiver/transmitter device 
240 is also shoWn betWeen the midframe and the rear cover 
245 of FIG. 3. Radio receiver/transmitter device 240 is 
coupled to antenna 85 and also coupled to communicate 
With PC board 225. In one implementation, the Mobitex 
Wireless communication system is used to provide tWo Way 
communication betWeen system 100 and other netWorked 
computers and/or the Internet via a proxy server. 

[0037] FIG. 4 is a perspective illustration of one embodi 
ment of the cradle 60 for receiving the personal digital 
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assistant computer system 100. Cradle 60 contains a 
mechanical and electrical interface 260 for interfacing With 
serial connection 108 (FIG. 2B) of computer system 100 
When system 100 is slid into the cradle 60 in an upright 
position. Once inserted, button 270 can be pressed to initiate 
tWo Way communication betWeen system 100 and other 
computer systems coupled to serial communication bus 54. 

[0038] Referring noW to FIG. 5, a block diagram of 
exemplary personal digital assistant computer system 100 is 
shoWn. Some of the modules shoWn in FIG. 5 can be 
implemented on PC board 225. Computer system 100 
includes an address/data bus 99 for communicating infor 
mation, a central processor 101 coupled With bus 99 for 
processing information and instructions, a volatile memory 
unit 102 (e.g., random access memory, static RAM, dynamic 
RAM, etc.) coupled With bus 99 for storing information and 
instructions for central processor 101 and a non-volatile 
memory unit 103 (e.g., read only memory, programmable 
ROM, ?ash memory, EPROM, EEPROM, etc.) coupled 
With bus 99 for storing static information and instructions 
for processor 101. As described above, computer system 100 
also contains a display device 105 coupled to bus 99 for 
displaying information to the computer user. PC board 225 
can contain processor 101, bus 99, volatile memory unit 102, 
and nonvolatile memory unit 103. As described further 
beloW, portions of memory units 102 and 103 can be 
removed from computer system 100. Moreover, computer 
system 100 can also include an optional data storage device 
104 (e.g., memory stick) for storing information and instruc 
tions. In one embodiment, optional data storage device 104 
is removable from computer system 100. 

[0039] In a currently preferred embodiment, one or more 
database(s) reside in a memory unit of computer system 100, 
such as memory units 102 and 103. In an alternative 

embodiment, such database(s) reside in optional data storage 
device 104. In accordance With embodiments of the present 
invention, data records stored in any of these databases can 
be e?iciently synchronized With those stored in another 
database, Which can reside in a different computer system, as 
described further beloW With reference to FIGS. 6 and 7. 

[0040] Also included in computer system 100 of FIG. 5 is 
an optional alphanumeric input device 106 Which, in one 
implementation, is a handWriting recognition pad (“digi 
tizer”) having regions 106a and 1061) (FIG. 2A), for 
instance. Device 106 can communicate information and 
command selections to central processor 101. Computer 
system 100 also includes an optional cursor control or 
directing device 107 coupled to bus 99 for communicating 
user input information and command selections to central 
processor 101. In one implementation, device 107 is a touch 
screen device incorporated With screen 105. In this imple 
mentation, device 107 is capable of registering a position on 
screen 105 Where a stylus makes contact. Display device 105 
utilized With computer system 100 may be a liquid crystal 
device (LCD), cathode ray tube (CRT), ?eld emission device 
(FED, also called ?at panel CRT) or other display device 
suitable for creating graphic images and alphanumeric char 
acters recognizable to the user. In a currently preferred 
embodiment, display 105 is a ?at panel display Computer 
system 100 also includes signal communication interface 
108, Which-is also coupled to bus 99, and can be a serial port 
for communicating With cradle 60. Communication interface 
108 can also include an infrared communication mechanism. 

Jan. 18, 2007 

[0041] It is appreciated that computer system 100 
described herein illustrates an exemplary con?guration of an 
operational platform upon Which embodiments of the 
present invention can be implemented. Nevertheless, other 
computer systems With differing con?gurations can also be 
used in place of computer system 100 Within the scope of the 
present invention. 

[0042] Referring next to FIG. 6, a block diagram is shoWn 
of a system 600 practicing data synchronization in accor 
dance With one embodiment of the present invention. Sys 
tem 600 includes a hand-held computer 100 and another 
computer system 140 or an interface communicatively 
coupled thereto. Example embodiments of the hand-held 
computer 100 include various models of the Palm hand-held 
organizers, as Well as numerous other hand-held computers 
running a version of the Palm operating system, or PalmOS. 
Additional embodiments include other hand-held comput 
ers, such as those running a version of Microsoft’s WindoWs 
CE operating system and those running a version of the 
EPOC operating system, as Well as set-top boxes. Similarly, 
examples of computer system 140 include the same 
examples mentioned previously for computer 100, along 
With other hardWare modules or interfaces not speci?cally 
mentioned herein. 

[0043] As illustrated in FIG. 6, hand-held computer 100 
includes a memory 110 (e.g., volatile memory unit 102, 
non-volatile memory unit 103 of FIG. 5) and processor 101. 
Memory 101 can store various programs, or sequences of 
instructions for execution by processor 101, as Well as other 
information and data. Example programs shoWn include a 
database 112 and personal information management (PIM) 
applications 114 and 116, such as an address book, a daily 
organizer and electronic notepads, to name a feW. Other 
programs 118 can include programs for carrying out other 
internal functions of hand-held computer 100, or for carry 
ing out functions relating to interfacing With computer 
system 140. Some of the programs may be included in 
device drivers, the operating system, and/or applications. 

[0044] In a currently preferred embodiment, hand-held 
computer 100 further includes infrared interface 64 and a 
connector 135, and processor 101 includes a communica 
tions port 125. In this embodiment, communication interface 
108 (FIG. 1) of computer 100 comprises infrared interface 
64, communications port 125, and connector 135. Hand-held 
computer 100 communicates With computer system 140 via 
one or more communications ports 125. In one embodiment, 
processor 101 is a DragonBall processor manufactured by 
Motorola, Inc. For example, the Palm lllx and Palm V 
hand-held computers use a DragonBall processor model 
knoWn as the DragonBall EZ MC68EZ238 Integrated 
Microprocessor. Other embodiments use different micropro 
cessors. An embodiment implemented using the DragonBall 
EZ processor has a communications port 125 that includes 
one serial port, While other embodiments of the present 
invention can include multiple serial ports, one or more 
parallel port(s), or other con?gurations. 

[0045] In accordance With embodiments of the present 
invention, hand-held computer 100 communicates With 
computer system/communication interface 140 via a Wired 
or Wireless connection. An example of a Wireless connection 
is a communication link betWeen tWo hand-held computers 
100 and 142 carried out in infrared through infrared inter 
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face 64 coupled to communications port 125. In infrared 
communication, an infrared transceiver included in infrared 
interface 64 of hand-held computer 100 communicates With 
the infrared transceiver of another hand-held computer 142. 
In one embodiment, the transceivers folloW an lrDA (Infra 
red Data Association) protocol. In other embodiments, other 
protocols are used. 

[0046] An example of a Wired connection is a communi 
cation link betWeen hand held computer 100 and a keyboard 
150 through connector 135. Another example of a Wired 
connection is a communication link betWeen hand-held 
computer 100 and cradle 60, through connector 135 coupled 
to communications port 125. This is a con?guration that is 
often used to synchronize data betWeen hand-held computer 
100 and another computer 146 (e. g., desktop computer 56 or 
laptop computer 58 of FIG. 1). In particular, in a currently 
preferred embodiment, the data synchronization method of 
the present invention is practiced With hand-held computer 
100 being coupled to computer 146 via cradle 60, Where one 
of the databases to be synchronized resides in hand-held 
computer 100 and the other resides in computer 146. 

[0047] Within the scope of the present invention, in addi 
tion to the devices mentioned above, computer system/ 
communication interface 140 can also be a modem 148, 
devices for cellular or personal communication services, 
other Wireless devices 152 including radio, infrared, and 
acoustic communication peripherals, as Well as Bluetooth 
devices. Information on the Bluetooth communication speci 
?cation is not described herein but is available on the 
Internet at the address http://WWW.bluetooth.com. 

Exemplary Database Layout in Accordance With 
One Embodiment of the Present Invention 

[0048] Referring next to FIG. 7, an exemplary database 
layout in accordance With one embodiment of the present 
invention is illustrated in the form of a database table 700. 
In one embodiment, database table 700 is stored in database 
112 Which resides in memory 110 of hand-held computer 
100 as described With reference to FIG. 6 above. In FIG. 7, 
four columns are shoWn in table 700. On the other hand, the 
number of roWs is determined by the number of data records 
stored in table 700. As illustrated, column 710 is for storing 
data record IDS, column 720 for modi?cation ?ags, column 
730 for modi?cation counts, and column 740 for raW data. 
Given this table layout, a cell at the intersection of a column 
and a roW stores a particular attribute of a certain data 
record. For example, cell 711 is for storing the data record 
ID of a particular data record, While cell 722 is for storing 
the modi?cation ?ag of another data record. In another 
embodiment, raW data of a data record is classi?ed into 
different categories or ?elds Which are then stored in sepa 
rate columns. For instance, in a database for an address book 
application, the raW data of a data record can include a 
contact name, one or more phone numbers one or more 

addresses, and electronic mail addresses, among others. 
Each piece of information, in this case can logically be 
stored in a separate column Within the scope of the present 
invention. 

[0049] It is appreciated that table 700 can include addi 
tional columns Which are not shoWn in FIG. 7. Such addi 
tional columns may be necessary for storing other data or 
information not speci?cally described herein and not 
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required in order to practice the present invention. The 
number of such additional columns, if any, and their format 
(e.g., data types) is dependent upon the particular design of 
the database in question. Thus, although not expressly 
shoWn in FIG. 7, such alternative embodiments and varia 
tions are Within the scope and spirit of the present invention. 

[0050] In a currently preferred embodiment, each data 
record in a database has a data record ID that uniquely 
identi?es the particular data record from among others in the 
database. Column 710 as described above is used to store 
these data record IDS. In this embodiment, each data record 
also has an associated modi?cation ?ag, Which is stored in 
column 720. Within the present invention, this ?ag can take 
on one of several possible value at any given time, Which 
value serves to indicate the modi?cation status of the data 
record. In one embodiment Wherein the database runs on the 
PalmOS, possible values for the modi?cation ?ag include 
“neW,"“modi?ed,”“deleted” and “archived,” among others. 
In this embodiment, “neW’ indicates that since the last data 
synchronization has taken place, the data record has been 
neWly created or added to the database “Modi?ed” simply 
means that the data’ record has since been modi?ed or 
updated. “Deleted” means that the data record has been 
deleted and should no longer be listed as a current record. 
“Archived indicates that the data record is in archive. The 
modi?cation ?ag is set accordingly upon the occurrence of 
the respective events. It is appreciated that such events (e. g., 
additions, modi?cations, deletions, archiving) can be per 
formed via manual entry by a user of the computer system 
or programmatically by application programs running on the 
computer system. 

[0051] For example, in one embodiment, When a neW data 
record is being added, its modi?cation ?ag Would be set to 
“new.” LikeWise, When an existing data record is being 
updated, its modi?cation ?ag Would be set to “modi?ed.” 
Thus, the record is marked to indicate that it has been 
changed since the last synchronization. When a synchroni 
zation is performed betWeen this database and another 
database, the modi?cation ?ag for each of the data records 
is checked. Only those records Whose ?ags are set to 
“modi?ed” or “new” are processed in a ?rst pass. Moreover, 
once a record has thus been processed in this ?rst pass, its 
modi?cation ?ag is cleared. Thus, in a subsequent synchro 
nization With a different database (e.g., a different desktop 
system), the modi?cation ?ag alone can no longer be relied 
upon as a true indication as to Whether the particular data 
record needs to be processed With respect to this other 
database. 

[0052] Thus, in a currently preferred embodiment, each 
data record further includes an associated modi?cation 
count, Which is stored in column 730. Within the present 
invention, this modi?cation count is a value that indicates 
hoW many times a data record has been modi?ed. Thus, the 
modi?cation count is another indicator of the modi?cation 
status of the data record. Importantly, in a currently preferred 
embodiment, the modi?cation count of a data record is an 
integer value that gets incremented each and every time that 
data record is modi?ed. Moreover, unlike the modi?cation 
?ag described above, the modi?cation count for a data 
record is not reset or otherWise cleared When that data record 
is being processed in a synchronization. Instead, it keeps a 
running total of the number of times that the speci?c data 
record has been modi?ed since its creation. As such, the 
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modi?cation count of a data record is a modi?cation history 
log that is used by and yet remains unaffected by the 
synchronization process. 

Operation of the Data Synchronization Method in 
Accordance With One Embodiment of the Present 

Invention 

[0053] Building upon the foregoing description, an 
example Would best serve to illustrate the operation of the 
present invention. Suppose a user has updated an entry in the 
address book database 112 of hand-held computer 100, such 
as data record 747 of FIG. 7, and that particular update has 
not been made to the database of desktop system 146. When 
hand-held computer 100 and desktop system 146 are com 
municatively coupled (e.g., via cradle 60), data synchroni 
zation betWeen the tWo databases can be performed so that 
both databases Would contain the most up-to-date informa 
tion. In a currently preferred embodiment practiced upon a 
Palm compatible device (e.g., a device running on the Palm 
OS), a HotSync interrupt can be used to initiate the data 
synchronization process of the present invention. 

[0054] In accordance With one embodiment of the present 
invention, When hand-held computer 100 having modi?ed 
data record 747 (e.g., the updated address book entry) and 
desktop computer system 146 undergo data synchronization, 
the modi?cation ?ags for all data records Would initially be 
examined in a ?rst phase of the synchronization process. At 
this point, the modi?cation ?ag for modi?ed record 747 in 
database 112 Would read “modi?ed” (cell 742) and as such 
the raW data (cell 744) of data record 747 Would be propa 
gated (e.g., copied over) to the database in desktop system 
146. Moreover, the modi?cation ?ag for data record 747 in 
database 112 Would be cleared to indicate that data record 
747 has been processed in this ?rst phase. 

[0055] In a currently preferred embodiment, the method of 
the present invention ?rst checks the modi?cation ?ags for 
all data records in the database in handheld computer 100, 
and then checks the modi?cation ?ags for all data records in 
the database in desktop computer 146. The method of this 
embodiment then makes the necessary updates to those data 
record that have been modi?ed, added or deleted based on 
the status of their modi?cation ?ags. Thus, in this particular 
example Where one record has been modi?ed in hand-held 
computer 100, upon completion of the above described 
steps, the corresponding data record in the database in 
desktop system 146 Would have the same up-to-date raW 
data as its counterpart in database 112 (data record 747) in 
hand-held computer 100, Which is the data record that has 
been modi?ed. In other Words, theitWo databases Would be 
properly synchronized after the ?rst phase as described thus 
far. 

[0056] Continuing With the above example, When hand 
held computer 100 and a second desktop system (not shoWn 
in FIG. 6) undergo synchronization afterwards, the modi? 
cation ?ag for data record 747 in database 112 is no longer 
marked as “modi?ed” upon examination, assuming that data 
record 747 has not been modi?ed again in the meantime. 
This is because the ?ag has been cleared during the previous 
synchronization With system 146 that has occurred prior in 
time. As such, data record 747 Would not be identi?ed as 
requiring synchronization in the ?rst phase of the synchro 
nization process. Thus, in accordance With the present 
invention, the modi?cation count of data record 747 comes 
into play. 
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[0057] More speci?cally, in accordance With one embodi 
ment of the present invention, When hand-held computer 
100 having modi?ed data record 747 and a second computer 
system undergo data synchronization after hand-held com 
puter 100 has already undergone an earlier synchronization 
With a different system, the modi?cation counts for corre 
sponding data records in the tWo databases being synchro 
nized Would be compared in a second phase of the synchro 
nization process. In one embodiment, hand-held computer 
100 keeps track of the identity of the computer system With 
Which it most recently undergoes synchronization (e. g., by 
Way of an identi?cation number or string). By so doing, this 
embodiment is able to immediately determine Whether hand 
held computer 100 last synchronized With the computer With 
Which it is noW undergoing synchronization. With this 
information, it can immediately be decided Whether or not 
the modi?cation ?ags of the data records in database 112 in 
hand-held computer 100 are usable (e.g., valid) With respect 
to the other computer system in .the synchronization pro 
cess. 

[0058] In the current example, the modi?cation count for 
data record 747 in database 112 is “1” (cell 743) While the 
modi?cation count for the corresponding data record in the 
other database is “0.” Thus, based on the difference in the 
modi?cation counts for the data records, the present embodi 
ment identi?es that the records need to be reconciled, despite 
the fact that the modi?cation ?ag of data record 747 has been 
cleared. More particularly, since data record 747 has a higher 
modi?cation count than its counterpart in the other database, 
the present embodiment recognizes that the raW data of data 
record 747 has been modi?ed since the last synchronization 
betWeen the tWo databases. Therefore, the present embodi 
ment propagates the change (e.g., copies over) from data 
base 112 in hand-held computer 100 to the database in the 
other computer system. The modi?cation count for the 
corresponding data record in the other database is also 
incremented to re?ect the value of the modi?cation count for 
data record 747. In a currently preferred embodiment, the 
modi?cation count comparison is performed for all data 
records in the databases, and the necessary updates are made 
accordingly. Thus, in the current example Where one record 
has been modi?ed in hand-held computer 100, upon comple 
tion of the above described steps, the corresponding data 
record in the other database Would have the same up-to-date 
raW data as its counterpart in database 112 (data record 747) 
in hand-held computer 100, and the modi?cation count 
Would have been incremented accordingly as Well. 

[0059] Referring next to FIG. 8, a ?oW diagram 800 
illustrating steps for synchronizing data records betWeen 
databases in accordance With one embodiment of the present 
invention is shoWn. In step 810, a ?rst database is designated 
as a source database and a second database as a target 

database. 

[0060] In one embodiment, the ?rst database and the 
second database reside in different host systems. In a cur 
rently preferred embodiment, the ?rst database resides in a 
personal digital assistant (PDA). In one embodiment, the 
PDA runs on the PalmOS. Furthermore, in another embodi 
ment, the second database resides in a computer system to 
Which a PDA can be coupled via a cradle device. 

[0061] Referring still to FIG. 8, in step 820, the modi? 
cation ?ag of a ?rst data record in the source database is 
examined. 



US 2007/0016627 A1 

[0062] With reference still to FIG. 8, in step 825, it is 
determined Whether the modi?cation ?ag of the ?rst data 
record is set. If the determination is a?irmative, then in step 
830, the ?rst data record is propagated to the target database. 

[0063] In one embodiment, propagating the ?rst data 
record to the target database includes the folloWing. If the 
?rst modi?cation ?ag is set to indicate that the ?rst data 
record has been modi?ed in the source database and the 
corresponding data record exists in the target database, then 
the corresponding data record is updated according to the 
?rst data record in the source database and the ?rst modi 
?cation ?ag is cleared. If the ?rst modi?cation ?ag is set to 
indicate that the ?rst data record is neW in the source 
database and no corresponding data record exists in the 
target database, then a neW data record is created in the 
target database according to the ?rst data record in the 
source database and the ?rst modi?cation ?ag is cleared as 
Well. If the ?rst modi?cation ?ag is set to indicate that the 
?rst data record has been deleted from the source database 
and the corresponding data record exists and is not already 
marked as deleted in the target database, then the corre 
sponding data record is marked as deleted in the target 
database. 

[0064] Referring still to FIG. 8, if it is determined in step 
825 that the modi?cation ?ag of the ?rst data record is not 
set, then in step 840, a ?rst modi?cation count of the ?rst 
data record is compared With a second modi?cation count of 
a corresponding data record in the target database. In a 
currently preferred embodiment, each of the modi?cation 
counts has a value indicating hoW many times its corre 
sponding data record has been modi?ed. 

[0065] Referring again to FIG. 8, in step 845, it is deter 
mined Whether the ?rst modi?cation count has a higher 
value than the second modi?cation count. If the ?rst modi 
?cation count has a higher value, then in step 850, the 
corresponding data record is updated according to the ?rst 
data record. In accordance With the present invention, steps 
810 through 850 can be completed Without comparing the 
raW data of the ?rst data record and the corresponding data 
record. 

[0066] With reference again to FIG. 8, in step 860, the 
second modi?cation count is incremented to the higher value 
of the ?rst modi?cation count. As such, the present embodi 
ment maintains a running total of the number of times that 
a speci?c data record has been modi?ed since its creation 
using the modi?cation count, Which serves as a modi?cation 
history log that is used by and yet remains unaffected by the 
synchronization process of the present invention. In one 
embodiment, steps 810 through 860 are repeated until all of 
the data records in the source database have been processed. 
In another embodiment, the source and target databases are 
reversed and steps 810 through 860 are repeated until all of 
the data records in the source database have been processed. 

[0067] Signi?cantly, in accordance With the present 
embodiment, record-by-record comparison of all data 
records in the databases being synchronized is not necessary. 
The lengthy synchronization process inherent in the prior art 
sloW sync and the inconvenience associated thereWith is thus 
advantageously eliminated. Moreover, since embodiments 
of the present invention are capable of handling data syn 
chronization under all scenarios, the need for a dual-mode 
(e.g., fast sync and sloW sync) synchronization approach is 
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bene?cially eliminated. As such, the complexity of applica 
tion development is greatly reduced, thereby simplifying the 
job for application developers. Thus, the present invention 
provides a superior approach to data synchronization over 
the prior art. 

[0068] It is appreciated that during the synchronization 
process of the present invention, When the modi?cation ?ags 
and/or modi?cation counts of data records are examined and 
compared, various combinations regarding the status of the 
modi?cation ?ags and modi?cation counts could be encoun 
tered. The above recited example is one of many possible 
scenarios and is intended as an illustration rather than a 
limitation. It Would be clear to a person of ordinary skill in 
the data processing and synchronization art, having thor 
oughly read the description of the various embodiments of 
the present invention presented herein, that the data syn 
chronization technique described and variations thereof are 
applicable to such different scenarios. 

[0069] In addition, certain of these scenarios may call for 
extra processing step(s) depending on the speci?c imple 
mentation of the database and/or underlying operating sys 
tem. For instance, in an embodiment Where the underlying 
operating system is the PalmOS, a so-called “double 
modify” scenario arises When a data record in one database 
and its counterpart in the other database both have the 
“modi?ed” status for their modi?cation ?ags. In. such a 
case, it is a design choice or implementation decision as to 
hoW the data should be reconciled. Irrespective of the 
speci?c manner in Which such special scenarios are handled, 
embodiments described herein, With appropriate adapta 
tions, are capable of identifying such situations and per 
forming the desired actions(s) (e.g., creating a log, gener 
ating an archive, handing the task over to another program 
for exception handling, etc.) Without departing from the 
scope and spirit of the present invention. 

[0070] Moreover, although embodiments of the present 
invention have been described as being practiced upon a 
hand-held computer such as a PDA, it should be appreciated 
that the present invention is not restricted thereto but rather 
can be practiced With numerous applications Which require 
data to be synchronized among different databases and/or 
other data storage and archival means. Such alternative 
applications, though not speci?cally described in detail 
herein, are Within the scope and spirit of the present inven 
tion. 

[0071] The preferred embodiment of the present inven 
tion, a method and system that enables faster data synchro 
nization betWeen different databases is. ‘thus described 
While the present invention has been described in particular 
embodiments, it should be appreciated that the present 
invention should not be construed as limited by such 
embodiments, but rather construed according to the beloW 
claims. 

What is claimed is: 

1. A method for synchronizing data records betWeen 
databases comprising the steps of: 

a) designating a ?rst database as a source database and a 
second database as a target database; 
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b) examining a ?rst modi?cation ?ag of a ?rst data record said corresponding data record has been modi?ed 
in said source database; respectively; and 

C) prqvided?hat Said ?rst modi?catipn ?ag is Set’ Propa' e) provided that said ?rst modi?cation count has a higher 
gating sa1d ?rst data record to sa1d target database; Value them Said Second modi?cation Count, updating 

d) provided that said ?rst modi?cation ?ag is not set, sa1d correspondlng_data_record accordlng to sa1d ?rst 
comparing a ?rst modi?cation count of said ?rst data data record, Whereln sald_steps 21) through e) can be 
record With a second modi?cation count of a corre- Completed Wnlmm compamlg raw data of sa1d ?rst data 
sponding data record in said target database, said ?rst record and sa1d Correspondlng data record 
and second modi?cation counts each being a value 
indicating hoW many times said ?rst data record and * * * * * 


