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RULE-BASED, N-WAY, SYNCHRONIZATION 
OF MULTIPLE COPIES OF A DATABASE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

The present invention relates to a method for synchroniz 
ing multiple copies of one or more databases in a network 
environment including electronic devices. 

BACKGROUND OF THE INVENTION 

As the components required to build a computer system 
have reduced in size, new categories of computer systems 
have emerged. One of the more recent categories of computer 
systems is the portable or “palmtop” computer system, or 
personal digital assistant (PDA). A palmtop computer system 
is a computer that is small enough to be held in the hand of a 
user and is thus “palm-sized.” As a result, palmtops are 
readily carried about in a briefcase or purse, and some palm 
tops are compact enough to ?t into a person’s pocket. By 
virtue of their size, palmtop computer systems are also light 
weight and so are exceptionally portable and convenient. 

Further development of PDAs has enabled their use for 
portable, and even wireless, access to computer networks. 
The portability and convenience, and, most importantly, the 
ready ability to synchronize a palmtop device with other 
computers and data sources, makes such devices ideal for use 
in networks that serve the workplace as well as the home. 

Synchronization is a process that provides the ability to 
coordinate the databases maintained on a PDA with copies, or 
versions, of the same and similar databases maintained on a 
desktop or other computer, or other electronic device, such as 
a cell phone. Not only is the access to data generally more 
readily available on a desktop, but desktops or other net 
worked devices have ready access to printers and communi 
cation with other devices in the network and the internet on a 
continuing basis. 

Typically, in a network having a portable electronic device, 
a 2-way synchronization is accomplished with the portable 
electronic device in a cradle that communicates with the 
desktop. Synchronization is initiated at the PDA and the user 
can generally select whether the PDA’s database is to be 
written over (one-way), or the desktop’s database is to be 
written over (one-way the other way), or all modi?cations on 
each are to be incorporated in the other (two-way). Typically, 
the latter synchronization, two-way, is the most useful. 

Historically, however, as the number of databases grows, 
the number of required synchronizations grows exponen 
tially. Each additional copy of each database needs to be 
synchronized with all the other copies, resulting in a growth 
of time required on the order of 2”, where n is the number of 
database copies to be synchronized. This number is repeated 
for each database maintained. 

In a complex network, with a dynamic set of databases, the 
time devoted to necessary synchronizations grows and could 
begin to drag down system performance with even a modest 
number of databases and copies. More importantly, if syn 
chronization takes too long, users will begin to initiate syn 
chronization less frequently than necessary, or worse, avoid it 
entirely. 
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2 
What is required, therefore, is a mechanism for rapidly and 

reliably synchronizing multiple copies of one or more data 
bases in a network environment. The need further exists to 
allow the expansion of the number of copies of a database that 
are synchronized without unnecessary limit and without an 
exponential increase in the amount of time required to accom 
plish the synchronization process. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for the rapid and 
reliable synchronization of multiple copies of one or more 
databases in a network environment. In one embodiment, the 
method allows the synchronization of an increasing number 
of copies of multiple databases without an attendant expo 
nential increase in the amount of time required to accomplish 
the synchronization. 
The present invention relates to a method for synchroniz 

ing databases in a network environment. Speci?cally, the 
present invention pertains to a method of using a set of hier 
archical rules to enable an ei?cient and speedy synchroniza 
tion between multiple copies of a database. The present 
invention enables an “n-way” synchronization of databases 
where “n”, the number of databases synchronized, is essen 
tially any number more than two. The present invention pro 
vides rule-based, n-way, synchronization by identifying a 
focus copy of the database, comparing the data records of the 
focus copy against the same records in other copies of the 
database to identify those records that are deleted or modi?ed 
with respect to the focus copy. A record that is deleted in one 
database copy but remains unmodi?ed in any other copy is 
deleted in all database copies. If a record has been both 
deleted in one copy and modi?ed in another, the invention 
transmits the modi?ed record across all databases copies and 
a deleted record is treated like a modi?ed record. The data 
base is cycled through so that all database copies are eventu 
ally processed like the focus. On subsequent cycles, records 
that have already been processed by a focus database are 
skipped. By performing this process, the method enabled by 
the present invention allows the speedy maintenance of mul 
tiple, synchronized, databases without the inadvertent loss of 
any data record. 
An embodiment of the present invention operates in a 

system having multiple copies of a database, and includes a 
method of synchronizing the multiple copies of the database 
comprising the steps of: a) identifying a focus copy of the 
multiple copies of the database; b) comparing records of the 
focus copy against records having a same identi?cation tag 
but contained in other copies of the database to identify 
deleted and modi?ed records with respect to the focus copy; 
0) removing from all the copies of the database a record 
indicated by step b) as being deleted by any copy of the 
database, provided the record was not also modi?ed by any 
other copy of the database; d) with respect to any modi?ed 
record indicated by step b), writing the modi?ed record to all 
the copies of the database that do not already contain the 
modi?ed record; and e) selecting a new focus copy of the 
copies of the database and repeating steps b)-e) until all the 
copies of the database have been processed as a focus copy. 
Embodiments include the above and those wherein step b) 

only processes previously unprocessed records of the focus 
copy. Embodiments further include the above and those 
wherein step b) also identi?es new records of the focus copy 
and wherein further step d) applies to the new records. 
Embodiments also include the above and those wherein step 
d) applies to a record that has been modi?ed in one copy but 
deleted in another copy of the database. 
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Embodiments include the above and those Wherein step d) 
applies to a record that has been modi?ed in one copy but 
deleted in tWo other copies of the database. Embodiments 
include the above and those Wherein, With respect to a record 
that has been modi?ed in more than one copy, step d) Writes 
the modi?cations of the record to all copies of the database 
that do not already contain the modi?cations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The operation of this invention can be best visualized by 
reference to the draWings. 

FIG. 1 illustrates a typical netWork synchronization envi 
ronment, With multiple databases, in accordance With one 
embodiment of the present invention. 

FIG. 2 is a block diagram illustrating an embodiment of a 
portable computer system in accordance With one aspect of 
the present invention. 

FIG. 3 illustrates a physical embodiment of a portable 
computer system in accordance With one embodiment of the 
present invention. 

FIG. 4 illustrates a cradle for an alternative connection of a 
typical portable computing device in accordance With one 
embodiment of the present invention. 

FIG. 5 illustrates an exploded vieW of a typical portable 
computing device in accordance With one embodiment of the 
present invention. 

FIG. 6 illustrates one possible implementation of a display 
in accordance With one embodiment of the present invention. 

FIG. 7 illustrates, in block diagram, a basic synchroniza 
tion process in accordance With one embodiment of the 
present invention. 

FIG. 8 is a Table of Rules implemented as part of one 
embodiment of the, present invention. 

FIG. 9 is a How chart illustrating one mode of operation in 
accordance With one embodiment of the present invention. 

FIG. 10 is a detailed ?oW chart illustrating one mode of 
operation in accordance With one embodiment of the present 
invention. 

DETAILED DESCRIPTION 

Reference Will noW be made in detail to embodiments of 
the present invention, examples of Which are illustrated in the 
accompanying draWings. While the invention Will be 
described in conjunction With these speci?c embodiments, it 
Will be understood that they are not intended to limit the 
invention to these embodiments. On the contrary, the inven 
tion is intended to cover alternatives, modi?cations and 
equivalents, Which may be included Within the spirit and 
scope of the invention as de?ned by the appended claims. 
Furthermore, in the folloWing detailed description of the 
present invention, numerous speci?c details are set forth in 
order to provide a thorough understanding of the present 
invention. HoWever, it Will be obvious to one of ordinary skill 
in the art that the present invention may be practiced Without 
these speci?c details. In other instances, Well-knoWn meth 
ods, procedures, components, and circuits have not been 
described in detail so as not to unnecessarily obscure aspects 
of the present invention. 
Some portions of the detailed descriptions that folloW are 

presented in terms of procedures, logic blocks, processing, 
and other symbolic representations of operations on data bits 
Within a computer memory. These descriptions and represen 
tations are the means used by those skilled in the data pro 
cessing arts to most effectively convey the substance of their 
Work to others skilled in the art. A procedure, logic block, 
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4 
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 manipu 
lations 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, bytes, values, 
elements, symbols, characters, terms, numbers, or the like. 

It should be borne in mind, hoWever, that all of these and 
similar terms are to be associated With the appropriate physi 
cal quantities and are merely convenient labels applied to 
these quantities. Unless speci?cally stated otherWise as 
apparent from the folloWing discussions, it is appreciated that 
throughout the present invention, discussions utilizing terms 
such as “setting, storing,” “scanning, receiving, send 
ing,” “disregarding,” “entering,” or similar terms, refer to the 
action and processes of a computer system or similar intelli 
gent electronic computing device, that manipulates and trans 
forms data represented as physical (electronic) quantities 
Within the computer system’s registers 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. 
The embodiment of the present invention discussed herein 

relates to a method of accomplishing, and a system for 
enabling, the synchronization of multiple versions of one or 
more databases resident on different devices in a netWork 
environment. This embodiment refers to a hardWired cradle 
connected or Wirelessly connected palmtop device or PDA 
synchronizing to any number of databases coupled to the 
same netWork. The netWork can be a local area netWork 

(LAN) or a Wide area netWork (WAN) or merely a cradle 
connected to a stand-alone desktop. Other embodiments of 
the present invention, though, may be implemented as syn 
chronizations betWeen laptops, betWeen desktops, or any 
combination of each. 

In this discussion of some embodiments of the present 
invention, the terms “palmtop”, “palm device”, “PDA”, 
“handheld device”, and “handheld computer” are used more 
or less interchangeably. In each case, they refer to a class of 
small, user-portable, computing devices that are capable of 
coupling With a host device, such as a desktop or laptop 
computer, and With Which the devices can participate in a 
synchronization betWeen databases. The term “synchroniza 
tion” refers to the act of making all synchronized versions of 
a database agree in content. 
The operation of this embodiment of the present invention 

and the environment in Which its operates may be best under 
stood by reference to the ?gures. FIG. 1 presents, in logical 
form, a typical netWork in accordance With one embodiment 
of the present invention. Both desktop computer 107 and 
laptop 101 are connected to netWork 100 Which is also served 
by server 104. Server 104 also, in this implementation, pro 
vides connectivity to internet 103. Connected to desktop 107 
is palmtop device cradle 106 Which provides a means of 
connecting, 108, palmtop device 102. By supplying this con 
nection, desktop 107 takes on the role of host device to palm 
top device 102. Also connected to netWork 100 are database 
copies 12-1 through 12-n. The numbering of these other data 
bases is meant to signify that there is no actual limit to the 
number of databases served and synchronized in this embodi 
ment of the present invention. Although the connectivity of 
palmtop device 102 is shoWn in this embodiment to be by 
hardWired cradle (see FIG. 4), other embodiments may 
employ infrared, RF or any other means of connectivity 
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between the host device and the portable device. By Whatever 
means connected, the object of synchronization is to conform 
all copies of any given database, for example database copies 
12-1 through 12-n of FIG. 1, to the same content. 
A typical palmtop device is illustrated in FIGS. 2, 3 and 5. 

FIG. 2 illustrates, in block diagram, a con?guration typical to 
a palmtop device or PDA consistent With this embodiment of 
the present invention. Computer system 200 comprises bus 
210 Which connects processor 201, volatile RAM 202, non 
volatile ROM 203 and data storage device 204. Also con 
nected to the bus are display device 205, alpha-numeric input 
device 206, cursor control 207, and signal I/O device 208. 
Signal I/O device 208 is implemented as a serial connection, 
an infrared transceiver or an RF transceiver and any one of 

them can, in some embodiments, be used as the link for 
synchronization. 

FIG. 3, a top and bottom vieW of a typical palmtop device, 
illustrates the physical implementation of some of the logical 
devices above. Panel 301, in top vieW 300, integrates the 
display device and, When touched With stylus 304, cursor 
control. Alpha-numeric input is via input panel 303. PoWer to 
the device is applied When on/off button 302 is depressed. 
Connection to a network can be implemented either through 
an RF connection using extendible antenna 308, or by infra 
red (IR) connection. IR connection is provided by IR WindoW 
306 Which is shoWn onbottom vieW 305. Connector array 307 
provides the capability for Wired connectivity to a desktop 
computer and thence a netWork by the use of a cradle (See 
FIG. 4).Although implemented in this embodiment as a serial 
port, Wired connectivity via connector 307 could also alter 
natively be any of a number of Well knoWn communication 
standards and protocols, e. g., parallel, SCSI (small computer 
system interface), FireWire (IEEE 1394), Ethernet, etc. 

Further illustration of these devices is given in FIG. 5. FIG. 
5 is an exploded vieW of palmtop computer system 200 in 
accordance With one implementation. Computer system 200 
contains a back cover 501 and a front cover 502 having an 
outline of region 503 and holes 506 for receiving buttons 507. 
A ?at panel display 205 (both liquid crystal display and touch 
screen) ?ts into front cover 502. Any of a number of display 
technologies can be used, e.g., liquid crystal display (LCD), 
?eld emission display (FED), plasma, etc., for the ?at panel 
display 205. A battery 504 provides electrical poWer. A con 
trast .,adjustment 505, a potentiometer in this embodiment, is 
also shoWn, as Well as an on/ off button 302. A ?ex circuit 509 
is shoWn along With a printed circuit (PC) hoard 510 contain 
ing electronics and logic (e. g., memory, communication bus, 
processor, etc.) for implementing computer system function 
ality. The digitizer pad 206, implementing one means of 
alpha-numeric input, is also included in PC board 510. A 
midframe 511 is shoWn along With stylus 304. Position-ad 
justable antenna 308 is also shoWn. 

Infrared communication mechanism 513 (e.g., an infrared 
emitter and detector device) is for sending and receiving 
information from other similarly equipped devices or, in this 
embodiment, communicating With a host device in a netWork 
(see FIG. 1). An embodiment implementing communication 
With a netWork through the infrared device does not preclude 
additional implementation of communication through other 
means such as an RF link. 

To illustrate the implementation of an RF link in an 
embodiment of the present invention, a signal (e.g., radio) 
receiver/transmitter device 514 is also shoWn in FIG. 5. The 
receiver/transmitter device 514 is coupled to the antenna 308 
and also coupled to communicate With the PC board 510. In 
one implementation the Mobitex Wireless communication 
system is used to provide tWo-Way communication betWeen 
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6 
computer system 100 and other netWorked computers and/or 
the Internet via a proxy server (104 in FIG. 1). 

FIG. 5 illustrates the implementation of several features 
illustrated in FIG. 2. Some circuitry of computer system 200 
can be implemented directly on PC board 510 (FIG. 5). PC 
board 510 can contain processor,201, bus 210, ROM 203 and 
RAM 202. 

With reference still to FIGS. 2 and 5, computer system 200 
also includes a signal transmitter/receiver device 514, Which 
is coupled to bus 210 for, providing a physical communica 
tion link betWeen computer system 200, and a netWork envi 
ronment (e.g., netWork environment 100 of FIG. 1). As such, 
signal transmitter/receiver device 514 enables central proces 
sor unit 201 to communicate Wirelessly With other electronic 
systems coupled to the netWork. It should be appreciated that 
Within the present embodiment, signal transmitter/receiver 
device 514 is coupled to antenna 308 (FIGS. 3 and 5) and 
provides the functionality to transmit and receive information 
over a Wireless communication interface. It should be further 
appreciated that the present embodiment of signal transmit 
ter/receiver device 514 is Well suited to be implemented in a 
Wide variety of Ways. For example, signal transmitter/re 
ceiver device 514 could also be implemented as a modem. 
The typical connection betWeen a portable computing 

device and it associated host device is by a cradle connected 
to a serial port on the host device. FIG. 4 is an illustration of 
a typical cradle. To connect, the palmtop device is set in cradle 
401 Where connector array 402 contacts the counterpart con 
nectors on the portable device. The connectors, through cable 
403, enable serial communication With the host device. The 
host device is represented in this embodiment as desktop 107 
in FIG. 1. 

Referring again to FIG. 1, synchronization is initiated 
either by palmtop 102 or desktop 107. Desktop 107 is con 
nected to netWork 100 Which is served by server 104 and to 
Which laptop 101 is also connected. Again, server 104 pro 
vides link to internet 103. 

With or Without the connection to the netWork, a synchro 
nization initiated by either portable device 102 or host device 
107 is normally limited to the database copies on each. Since 
there are tWo versions of each synchronized database, one 
each resident on host device 107 and portable device 102, this 
is knoWn as a “2-Way” synchronization. FIG. 6 illustrates a 
display presented during synchronization on a typical palm 
top device. 
When the number of versions, or copies, of any database 

being synchronized is more than tWo, the technical aspects of 
synchronization increase signi?cantly. The letter “n” is used 
mathematically to indicate an integer of undetermined size. In 
synchronization parlance, it is used to indicate any integer 
larger than tWo and it refers to the number of versions of a 
database being synchronized. Thus a more-than-tWo-Way 
synchronization is knoWn as an “n-Way” synchronization. 
Referring again to FIG. 1, if synchronization is initiated that 
also synchronizes versions of databases resident on laptop 
101 and/or server 104, then FIG. 1 Would further illustrate a 
logical arrangement suitable to a three-Way, or four-Way, 
synchronization on netWork 100. 
TWo-Way synchronizations are, in most embodiments, 

relatively simple processes, Wherein data records Within a 
database are compared and modi?ed as necessary. At the 
initialization of synchronization, each data record is checked 
for modi?cation, addition or deletion Which is indicated by a 
?ag associated With each record in the database. Flags are set 
only if no synchronization has taken place since the action to 
the record. Each data record is compared With modi?ed 
records in the database version in either device being Written 
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to the other device. An added data record is also Written -to the 
other device. A record deleted from one device is deleted from 
the other on veri?cation. 

Each record in each device is checked for a change since 
last synchronization. The device initiating the synchroniza 
tion is the resident device of the initial “focus” version of the 
database. This tWo-Way synchronization is illustrated by 
block diagram of FIG. 7. 

FIG. 7 illustrates a synchronization system (also referred to 
as an “installer”) in accordance With one embodiment of the 
present invention for alloWing a portable computer system 
720 (e.g., a palmtop or any portable computer system) to 
share information With a host computer system 700. Com 
puter system 720 contains database 710, a softWare ?le shar 
ing manager 702 (e.g., a hot-sync softWare manager), a ?le 
link con?guration database 701, and a softWare conduit 740. 
The ?le link con?guration database 701 is linked to the ?le 
sharing manager 702 and speci?es, for a particular database, 
its source ?le, category information, and the frequency of 
update for the database. Conduit 740 outlines the manner in 
Which records are to be synchronized betWeen databases 
under control of ?le sharing manager 702. This process, 
including the ?le sharing manager and the conduit, is 
described in US. Pat. No. 5,884,323 by HaWkins et al., issued 
Mar. 16, 1999, assigned to the assignee of the present inven 
tion and incorporated herein by reference. 

Portable computer system 720 is the PDA and computer 
system 700 is the host device. The enabling of ?le sharing 
betWeen the tWo devices is accomplished in ?le sharing man 
ager 702 and conduit 740. During synchronization betWeen 
portable computer system 720 and database 710, delta 
records 730a and 73 0b are passed through conduit 740 
betWeen database 326 and a database resident on portable 
computer system 720 under control of the ?le sharing man 
ager 702. Delta records 730a and 73 0b represent changes 
(including additions) that occurred on either portable com 
puter system 720 or on computer system 700. After synchro 
nization, these tWo databases Will contain the same informa 
tion. Namely, records updated on portable computer system 
720 are re?ected in database 710 and vice versa. The synchro 
nization process (including the ?le sharing manager) is 
described in US. Pat. No. 6,006,274 by HaWkins et al., issued 
Dec. 21, 1999, assigned to the assignee of the present inven 
tion and incorporated herein by reference. Synchronization is 
also described in US. Pat. No. 5,727,202 by Kucala, issued 
Mar. 10, 1998, assigned to the assignee of the present inven 
tion and incorporated herein by reference, and also in US. 
Pat. No. 5,832,489 by Kucala, issued Nov. 3, 1998, assigned 
to the assignee of the present invention and incorporated 
herein by reference. 

In the embodiment of the present invention discussed here 
uses parts of the synchronization system above. As the num 
ber of databases increases the number of operations involved 
in a synchronization increases exponentially. Approximately 
2” synchronization operations, as described in the paragraph 
previous, are required for “n” database versions. A synchro 
nization in a netWork such as that shoWn in FIG. 1, Where 
there are a large number of database devices and,a large 
number of database versions, Would entail enormous groWth. 
In addition to the host desktop 107, laptop 101 and server:104 
on netWork 100, there are also other databases 12-1 through 
12-n. In order to escape the enormous groWth that Would 
accompany a synchronization on a large, Workplace netWork, 
this embodiment of the present invention implements a solu 
tion to Rule-Based N-Way Synchronization. 

Rule-Based n-Way Synchronization reduces the number of 
iterative operations required With an n-Way synchronization. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
It does so by invoking a set of hierarchical rules (See Table of 
Rules, FIG. 8). The rules control the operation of the ?le 
sharing managers so that only data records in each database 
requiring alteration are addressed. The hierarchy of the rules 
causes behavior much as in a 2-Way synchronization in that, 
in a con?ict betWeen to actions, one Will take precedence over 
the other. Impor‘tantly, as the focus of the synchronization 
changes from database copy to database copy, data records 
already processed are ignored. For example, a neW modi?ca 
tion of a record in one database version Will supercede a 
deletion of the same record in another database. 
The remainder of this discussion focuses on the operation 

of a rule-based n-Way synchronization as it is implemented in 
one embodiment of the present invention. The discussion 
herein is not meant to exclude any other of the many different 
combinations of processes that could still be included Within 
the frameWork of the present invention, but the detailed dis 
cussion of this speci?c embodiment Will serve to illuminate 
the concepts under Which the present invention operates. 

To outline the rule set and the operations associated With 
each, FIG. 8, the rules table is included here. FIG. 8 summa 
rizes the operations performed by the present invention dur 
ing the record by record processing of the n-Way synchroni 
zation process described in the How diagram of FIG. 10. Each 
situation is illustrated in FIG. 8 by a separate table entry and 
the actions to be taken are shoWn on the right for each. Each 
record process of FIG. 8 is a data record of the focus database 
versus all other records of the same identi?cation tag in all 
other database copies. The focus database copy in the 
example of FIG. 8 is the “DB1” column. At situation 810a, a 
record of the focus database copy is deleted, but no other 
record corresponding to the identi?cation of this record is 
either modi?ed or deleted in any other database copy. There 
fore, the action to be taken is that the record is deleted from all 
database copies. At situation 810b, a record of the focus 
database copy is deleted from another database copy, but not 
from the focus database. The action to be taken is the same as 
for situation 810a. 

Situation 810c is the same as situation 810a, except that 
same record identi?cation that Was deleted is also modi?ed in 
another database copy. In this case, the action taken is that the 
modi?ed record is added to all database copies that do not 
already contain the modi?cation and the deletion is ignored. 
Situation 81 0d is an identical deletion of the same record from 
tWo or more database copies. The action to be taken is the 
same as for situation 810a. In situation 810e, a record of the 
focus database copy is modi?ed. The action to be taken is that 
this modi?ed record is added in each other copy not already 
having the modi?cation. The situation 810f is that a record of 
the focus database copy is modi?ed by tWo copies. In this 
case, each modi?ed record is added to each database copy 
(using the record’s same identi?cation tag) that does not 
already have the modi?cation. In situation 810g, a record Was 
added to the focus database copy. This situation is treated just 
as a modi?cation, e.g., the action of situation 810e is per 
formed. 
At situation 810h, a record of the focus database is modi 

?ed, but this same record is modi?ed in tWo other database 
copies. The action taken is the same as for situation 810f. In 
situation 810i, a record of the focus database copy is modi?ed 
and this same record is also modi?ed tWice again in other 
database copies. The action to be taken is that each modi?ed 
record is added in each other copy not already having the 
modi?cation. Lastly, in situation 810j, a record of the focus 
database is modi?ed and an identical modi?cation is made in 
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another copy. The action taken is that a single modi?cation is 
added to each other database copy that does not contain the 
record. 

After database copy “DB1” is the focus, next database copy 
“DB2” is made the focus, and these rules of FIG. 8 are 
repeated for each record of DB2. However, any record of DB2 
is ignored that was processed when DB1 was the focus. This 
increases the processing speed of the synchronization. After 
database copy “DB2” is the focus, next database copy “DB3” 
is made the focus, and these rules of FIG. 8 are repeated for 
each record of DB3. However, any record of DB3 is ignored 
that was processed when DB1-DB2 were the focus. After 
database “DB3” is the focus, next database copy “DB4” is 
made the focus, and these rules of FIG. 8 are repeated for each 
record of DB4. However, any record of DB4 is ignored that 
was processed when DB1-DB3 were the focus. This process 
ends when DBL-n is ?nally processed as the focus. The 
synchronization result is the same no matter which database 
copy is selected as the ?rst focus. 

The operation of an n-way synchronization under the rule 
structure can be visualized by reference to the ?owcharts in 
FIGS. 9 and 10. In process 900 in FIG. 9, the process of 
synchronization is initiated, 910, by one of the devices in the 
net. The typical scenario sees the process initiated by either 
the palmtop device or its associated host device. A ?rst 
“focus” database is then selected, 920. This is driven nor 
mally by either user desire or software-assigned priority. 

After a focus database is selected, process 1000 on FIG. 10 
commences at 1010. The data records of the focus database 
are scanned for “delta”, or change, ?ags, 1020. The rules of 
FIG. 8 are then followed. If the delta is an addition of a new 
record, 1020, the new record is written to all other database 
copies, 1080. If a modi?cation to an existing record in the 
focus database has occurred, the same record is checked in all 
other databases for modi?cation, 1040. If none has been 
modi?ed, the modi?cation is written to all other copies using 
that record ID. 

If other modi?cations have occurred to the same record ID 
in another database, then all the modi?cations are compared, 
1050. If the modi?cations are identical, then the focus data 
base record is written to all databases, 1080. If the modi?ca 
tions are not identical, then each modi?cation is written to 
each copy. The focus database record modi?cation is written 
to the existing record in the other databases and a new record 
ID is established that re?ects each new modi?cation to the 
same record found in the other databases, 1110. The process 
then looks to the next record in the list of changes in the focus 
database, 1120. 

If the record modi?cation ?ag is a deletion, the record ID is 
checked in all other databases for modi?cation, 1100. If it has 
been modi?ed in another database, the modi?ed record is 
written to all, 1080, and none are deleted. If the record has not 
been modi?ed in another database, it is deleted in all copies, 
1120. Once each modi?ed record in the focus database is 
accounted for, 1130, the process moves on to the next data 
base, 1 140/930. Each database in the loop is taken through the 
same process until no unmodi?ed records remain, 940, then 
the synchronization is ended, 950. 

With the process outlined in this embodiment of the present 
invention, only changed data records are considered. This 
avoids redundancies of checking and rechecking the modi? 
cation status of each data record with comparison with each 
database. Also, when a new database is processed as the focus 
database, any record that was previously processed by 
another focus database is skipped, thereby preventing a geo 
metric growth in processing time. 
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10 
The foregoing discussion of one embodiment of the 

present invention demonstrates a method for rapid and reli 
able synchronization of multiple copies, or versions, of one or 
more databases in a network environment. The method dis 
cussed, while not limiting of all possible embodiments of the 
invention, provides the synchronization of an upwardly 
increasable number of copies of multiple databases without 
an attendant exponential increase in the amount of time and 
resources required to accomplish the synchronization. 
The foregoing descriptions of speci?c embodiments of the 

present invention have been presented for purposes of illus 
tration and description. They are not intended to be exhaus 
tive or to limit the invention to the precise forms disclosed, 
and obviously many modi?cations and variations are possible 
in light of the above teaching. The embodiments were chosen 
and described in order to best explain the principles of the 
invention and its practical application, to thereby enable oth 
ers skilled in the art to best utilize the invention and various 
embodiments with various modi?cations as are suited to the 
particular use contemplated. It is intended that the scope of 
the invention be de?ned by the Claims appended hereto and 
their equivalents. 
What is claimed is: 
1. In a system having multiple copies of a database, a 

method of synchronizing said multiple copies of said data 
base comprising the steps of: 

a) identifying a focus copy of said multiple copies of said 
database; 

b) processing and comparing records of said focus copy 
against records having a same identi?cation tag but con 
tained in other copies of said database to identify deleted 
and modi?ed records with respect to said focus copy, 
said step only processing previously unprocessed 
records of said focus copy; 

c) removing from all said copies of said database a record 
indicated by step b) as being deleted by any copy of said 
database, provided said record was not also modi?ed by 
any other copy of said database; 

d) with respect to any modi?ed record indicated by step b), 
writing said modi?ed record to all said copies of said 
database that do not already contain said modi?ed 
record; and 

e) selecting a new focus copy of said copies of said data 
base and repeating steps b)-e) until all said copies of said 
database have been processed as a focus copy. 

2. A method as described in claim 1 wherein said step b) 
also identi?es new records of said focus copy and wherein 
further said step d) applies to said new records. 

3. A method as described in claim 1 wherein step d) applies 
to a record that has been modi?ed in one copy but deleted in 
another copy of said database. 

4. A method as described in claim 1 wherein step d) applies 
to a record that has been modi?ed in one copy but deleted in 
two other copies of said database. 

5. A method as described in claim 1 wherein with respect to 
a record that has been modi?ed in more than one copy, said 
step d) writes said modi?cations of said record to all copies of 
said database that do not already contain said modi?cations. 

6. A method as described in claim 1 wherein at least one of 
said copies isfor use with a separate device, wherein said 
separate device is a portable computer system. 

7. In a system having copies of a database, each copy for 
use with a separate device, a method of synchronizing said 
copies of said database comprising the steps of: 

a) processing and comparing records of a designated focus 
copy of said database against records having a same 
identi?cation tag but contained in other copies of said 
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database to identify deleted and modi?ed records With 
respect to said focus copy, said step only processing 
previously unprocessed records of said focus copy; 

b) removing from all said copies of said database a record 
indicated by step a) as being deleted by any copy of said 
database, provided said record Was not also modi?ed by 
any other copy of said database; 

c) With respect to any modi?ed record indicated by step a), 
Writing said modi?ed record to all said copies of said 
database that do not already contain said modi?ed 
record; and 

d) selecting a neW focus copy of said copies of said data 
base and repeating steps a)-d) until all said copies of said 
database have been processed as a focus copy. 

8. A method as described in claim 7 Wherein said step a) 
also identi?es neW records of said focus copy and Wherein 
further said step c) applies to said neW records. 

9. A method as described in claim 7 Wherein step c) applies 
to a record that has been modi?ed in one copy but deleted in 
another copy of said database. 

10. A method as described in claim 7 Wherein step c) 
applies to a record that has been modi?ed in one copy but 
deleted in tWo other copies of said database. 

11. A method as described in claim 7 Wherein With respect 
to a record that has been modi?ed in more than one copy, said 
step c) Writes said modi?cations of said record to all copies of 
said database that do not already contain said modi?cations. 

12. A method as described in claim 7 Wherein one of said 
separate device is a portable computer system. 

13. A computer system comprising: a processor coupled to 
a bus; and an accessible memory space storing copies of a 
database, each copy for use With a separate device and 
Wherein said memory space also contains instructions for 
implementing a method of synchronizing said copies of said 
database, said method comprising the steps of: 

a) processing and comparing records of a designated focus 
copy of said database against records having a same 
identi?cation tag but contained in other copies of said 
database to identify deleted and modi?ed records With 
respect to said focus copy, said step only processing 
previously unprocessed records of said focus copy; 

b) removing from all said copies of said database a record 
indicated by step a) as being deleted by any copy of said 
database, provided said record Was not also modi?ed by 
any other copy of said database; 

c) With respect to any modi?ed record indicated by step a), 
Writing said modi?ed record to all said copies of said 
database that do not already contain said modi?ed 
record; and 

d) selecting a neW focus copy of said copies of said data 
base and repeating steps a)-d) until all said copies of said 
database have been processed as a focus copy. 

14. A computer system as described in claim 13 Wherein 
said step a) of said method also identi?es neW records of said 
focus copy and Wherein further said step c) applies to saidneW 
records. 

15. A computer system as described in claim 13 Wherein 
step c) of said method applies to a record that has been 
modi?ed in one copy but deleted in another copy of said 
database. 

16. A computer system as described in claim 13 Wherein 
step c) of said method applies to a record that has been 
modi?ed in one copy but deleted in tWo other copies of said 
database. 

17. A computer system as described in claim 13 Wherein, 
With respect to a record that has been modi?ed in more than 
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12 
one copy, said step c) of said methodWrites said modi?cations 
of said record to all copies of said database that do not already 
contain said modi?cations. 

18. A computer system as described in claim 13 Wherein 
one of said separate device is a portable computer system. 

19. A computer system as described in claim 13 Wherein 
said database is an address database. 

20. In a networkof systems, each system having copies of a 
focus database, a method ofsynchronizing said multiple cop 
ies ofsaidfocus database comprising the steps of' 

a) identifying one ofsaid copies ofsaidfocus database; 
b) processing and comparing records of said focus copy 

against records having a same identification tag but 
contained in other copies ofsaid database to identify 
deleted and modi?ed records with respect to said focus 
copy, said step only processing previously unprocessed 
records of said focus copy; 

c) removingfrom all said copies ofsaid database a record 
indicated by step b) as being deleted by any copy ofsaid 
focus database, provided said record was not also modi 
?ed by any other copy of said database; 

d) with respect to any modified record indicated by step b), 
writing said modi?ed record to all said copies ofsaid 
database that do not already contain said modi?ed 
record; and 

e) selecting a new copy ofsaid copies ofsaidfocus data 
base and repeating steps b)-e) until all said copies of 
said database have been processed as a focus copy. 

2]. A method as described in claim 20 wherein said step b) 
also identi?es new records of said focus copy and wherein 
further said step d) applies to said new records. 

22. A method as described in claim 20 wherein step d) 
applies to a record that has been modi?ed in one copy but 
deleted in another copy of said database. 

23. A method as described in claim 20 wherein step d) 
applies to a record that has been modi?ed in one copy but 
deleted in two other copies of said database. 

24. A method as described in claim 20 wherein with respect 
to a record that has been modi?ed in more than one copy, said 
step d) writes said modi?cations ofsaid record to all copies of 
said database that do not already contain said modi?cations. 

25. A method as described in claim 20 wherein at least one 
of said copies is for use with a separate device, wherein said 
separate device is a portable computer system. 

26. In a system having copies of a database, each copy for 
use with a separate device, a method of synchronizing a user 
selected subset of said copies of said database comprising the 
steps of' 

a) processing and comparing records of a user selected 
focus copy of said database against records having a 
same identi?cation tag but contained in other copies of 
said database to identi?) deleted and modi?ed records 
with respect to said user selected focus copy, said step 
only processing previously unprocessed records of said 
focus copy; 

b) removingfrom all said copies ofsaid database a record 
indicated by step a) as being deleted by any copy ofsaid 
database, provided said record was not also modified by 
any other copy of said database; 

c) with respect to any modified record indicated by step a), 
writing said modified record to all said copies ofsaid 
database that do not already contain said modified 
record; and 

d) selecting a newfocus copy ofsaid copies ofsaid data 
base and repeating steps a)-d) until all said copies of 
said database have been processed as a focus copy. 
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27. A method as described in claim 26 wherein said step a) 
also identi?es new records of said focus copy and wherein 
further said step c) applies to said new records. 

28. A method as described in claim 26 wherein step c) 
applies to a record that has been modi?ed in one copy but 
deleted in another copy of said database. 

29. A method as described in claim 26 wherein step c) 
applies to a record that has been modi?ed in one copy but 
deleted in two other copies of said database. 

14 
30. A method as described in claim 2 6 wherein with respect 

to a record that has been modi?ed in more than one copy, said 
step c) writes said modi?cations ofsaid record to all copies of 
said database that do not already contain said modi?cations. 

3]. A method as described in claim 26 wherein one ofsaid 
separate device is a portable computer system. 


