
(19) United States 
(12) Patent Application Publication 

BOOTHBY 

US 20010014893A1 

(10) Pub. N0.: US 2001/ 0014893 A1 
(43) Pub. Date: Aug. 16, 2001 

SYNCHRONIZATION OF DISPARATE 
DATABASES 

(54) 

(76) DAVID J . BOOTHBY, NASHUA, NH 
(Us) 

Inventor: 

Correspondence Address: 
G ROGER LEE 
FISH & RICHARDSON 
225 FRANKLIN STREET 
BOSTON, MA 021102804 

(*) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) 09/240,563 

(22) 

Appl. No.: 

Filed: Jan. 29, 1999 

Related US. Application Data 

(63) Continuation of application No. 09/115,326, ?led on 
Jul. 14, 1998, noW abandoned, Which is a continua 
tion of application No. 08/902,230, ?led on Jul. 29, 
1997, noW abandoned, Which is a continuation of 

application No. 08/371,194, ?led on Jan. 11, 1995, 
noW Pat. No. 5,684,990. 

Publication Classi?cation 

(51) Im. c1? ................................................... .. G06F 17/30 

(52) Us. 01. ............................................................ ..707/201 

(57) ABSTRACT 

Adata processing method for synchronizing the data records 
of a plurality of disparate databases, in Which a status ?le is 
provided containing data records representative of the con 
tents of data records existing in the disparate databases at a 
prior synchronization. Data records from at least a ?rst and 
a second of the plurality of databases are compared to 
corresponding data records of the status ?le to determine 
Whether data records of the plurality of databases have 
changed or been deleted since the prior synchronization, or 
Whether there are neW data records since the earlier syn 
chronization. Based on the outcome of the comparing step, 
decisions are made as to hoW to update the data records of 
the ?rst and second databases. Finally, the status ?le is 
updated so that its data records are representative of the 
contents of the data records of the ?rst and second databases 
after they have been updated. 

12w 

Cow/ms 
To 

HEMP HELD 

STAT/Q @LE (66 CD10 I 

COM MR5 

HANDHELD 

Ream; 2”’ 

FILE 

GENE/mfg T500 L157- 11"’ 
(AI/N0’ DEClf/QN [MATE/K 

PEKFOKM UPDATE-f To 

P1775455, I'M‘IVP/(ELQ 
PAT/WAIE, Aw 

DES/(FF 

rim/E. 

L20 



Patent Application Publication Aug. 16, 2001 Sheet 1 0f 6 US 2001/0014893 A1 

I JOHN 
4 

$55 — (27V 

PM i. 



Patent Application Publication Aug. 16, 2001 Sheet 2 0f 6 US 2001/0014893 Al 

ol-D 

RECMDI 
FKOM lp 



Patent Application Publication Aug. 16, 2001 Sheet 3 0f 6 US 2001/0014893 A1 

Cd)’ PQEWOW; ‘ETA-(12$ ‘FL-Li} Z50 

Cam/me Mama/aw mac/<0; 
To STQTTJ§ \?n? reecorwf 

commmé DEJKTOP Rum; 2’° 

T2» $T1¥R>§ F/LE 
(zecomw’ AND NEW 

HANDHELD RECOKDY 

\l/ 

G'ENEK/i‘T'E T500 LUT 21>" 

(AI/NC’ DECLS‘MN MAT-mix 

PEKFOKM VPPAT'E‘I T0 Lu 

DES/("FF PHVW/UE, lw/wpkaw 







Patent Application Publication Aug. 16, 2001 Sheet 6 0f 6 US 2001/0014893 A1 

@ 

unm- DECK/ON (in?rm/x, 1% 

GEM-:KHTE Tobe LIIT 0F 

UPDATEJ' To BE MADE To 

v, N, AND P 

FRacEJ'f ?u uPDATE-r m 

T090 LKS'T' FQK V 

VIRECoKV 
IuCCEIIFvH'L‘I 
UPDR'T'ED 

CoRRefewP/m, 
P’ RE(Q@O 

FRacErr ma. (AFDATEI‘ M 

T0170 L-(J'T Fafi N 
N'Recdw 

fwcceffFW», 
KHDRT'ED 

No L Ar'r 

UPDATE 
ORREIPDAIDU/Ir- ‘7a.? 

DELETE ulwiép ?E-co?mf ' 
FKOM S‘. WRIT‘? cu?‘ A/E-‘W P. 

FM: 6. 



US 2001/0014893 A1 

SYNCHRONIZATION OF DISPARATE DATABASES 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to programs that synchronize 
databases. 

[0002] There are many situations in Which it is important 
for a user to be able to synchronize databases among 
computers. For instance, many users have handheld com 
puters, Which typically Weigh less than a pound, ?t in a 
pocket, and provide some combination of personal informa 
tion management functions, database functions, Word pro 
cessing functions, and spreadsheet functions. Many users of 
handheld computers also oWn desktop computers used for 
applications that manage databases similar to the databases 
carried in handheld computers. Typically the user adds data 
to the tWo computers independently, e.g., one enters data 
into the handheld computer When out at a customer site but 
enters data into the desktop computer When in the office. In 
such cases, the user normally Would at some point Want to 
synchroniZe the databases on the handheld and desktop 
databases, i.e., automatically revieW changes made to the 
databases on the tWo computers, and revise the data in both 
databases so that both have the same and most current data. 

[0003] Databases are collections of data organiZed as data 
records, each composed of a number of data ?elds. For 
eXample, in an address database, a very simple data record 
might be “John, Smith, Smith Co.”, Where “John” is the 
information content of a FIRSTNAME ?eld, “Smith” is the 
information content of a LASTNAME ?eld, and “Smith 
Co.” is the information content of a COMPANY NAME 
?eld. 

[0004] Databases are managed by tWo broad classes of 
programs, database managers and special-purpose applica 
tion programs (both referred to herein as database pro 
grams). A database manager is a program for managing 
general databases, that is, databases in Which the structure of 
the data records can be speci?ed at creation time by the user. 
Other databases are managed by special-purpose application 
programs, e.g., a telephone directory program of a handheld 
computer. Unlike the record structures of general databases, 
the record structures of these special-purpose databases 
typically are not speci?ed by the user. 

[0005] There are generally tWo Ways in Which softWare 
can specify a record in these databases. One or more of the 
?elds of a record can be designated as a key, With particular 
records being speci?ed by the contents of the key (e.g., the 
above-mentioned address database might use the LAST 
NAME ?eld as a key, so that records could be speci?ed by 
the contents of that ?eld). Records can also be speci?ed 
using unique identi?cation numbers (“unique IDs”), 
assigned by the database program at the time the record is 
created. 

[0006] There are knoWn techniques for synchroniZing 
databases, but they generally depend on the databases hav 
ing been specially designed to facilitate synchroniZation. For 
eXample, Microsoft Schedule+ permits multiple Schedule+ 
databases to be synchroniZed, but this is only possible 
because Schedule+ Was specially designed With synchroni 
Zation in mind. Similarly, directory databases built in con 
formance With the CCITT X500 international standard can 
be synchroniZed by virtue of conforming to this standard. 
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One Way in Which synchroniZation is achieved in such 
products is by the use of unique IDs assigned When a record 
is created. During synchroniZation, the softWare is able to 
use the unique IDs to compare the contents of corresponding 
data records in the tWo databases (e.g., corresponding data 
records for the same dinner appointment can be compared 
even if the date, time, or description for the appointment has 
been changed in one or both databases). 

[0007] Another feature available for synchroniZing data 
bases specially designed for synchroniZation are not-yet 
synchroniZed ?ags, Which are set Whenever a record is 
changed (e.g., When a dinner appointment is moved to a neW 
date and time). If the softWare ?nds a discrepancy during 
synchroniZation, the program then checks each record’s 
not-yet-synchroniZed ?ag and, if one ?ag is set and the other 
is not, the data in the record With the set ?ag prevails because 
it is assumed to be neWer. If both ?ags are set, the data 
transfer program resorts to using a trump rule (e. g., handheld 
alWays prevails over desktop) or interacting With the user 
because the program does not have enough information to 
choose one over the other. After synchroniZation all of the 
?ags are reset. 

[0008] Also available When databases have been specially 
designed for synchroniZation is a time-and-date-of-last 
modi?cation stamp for every record stored in the databases. 
Assuming suf?ciently accurate synchroniZation of the time 
and-date clocks of the computers running the databases, the 
synchroniZation program can alWays determine, even if both 
of the corresponding items have been changed since last 
synchroniZation, Which change is the most recent, and 
assume that the more recent record prevails. But such time 
and date stamping of records Will typically be impracticable 
oWing to the scarcity of memory and ?le space, especially on 
a handheld computer. 

[0009] With databases not specially designed for synchro 
niZation, there has not heretofore been any practical tech 
nique for synchroniZation. It has been necessary to use either 
(1) brute force replacement of all of the records of one 
database With all of the records of the other (e.g., using 
softWare such as LapLink) or (2) a reconciliation technique 
developed by IntelliLink Corp., of Nashua, NH. (described 
in US. patent application Ser. No. 07/867,167, ?led on Apr. 
10, 1992; incorporated by reference). 
[0010] IntelliLink’s reconciliation technique uses key 
?elds (e.g., the date and time of appointments in a calendar 
database) to establish a correspondence betWeen records of 
the tWo databases, and then eXamines the records for dif 
ferences (e.g., a different appointment description for the 
same date and time). The differences are reconciled either by 
invoking one or more trump rules (e.g., handheld alWays 
prevails over desktop) or by interacting With the user (e.g., 
by displaying the relevant mismatching information and 
asking the user to choose). 

[0011] An advantage of the reconciliation technique is its 
ability to handle disparate databases (e.g., databases With 
different data structures, designed for use With different 
application softWare and on different computer platforms). 
To do its job, the IntelliLink reconciliation technique does 
not require the presence of special synchroniZation-enabling 
features such as unique IDs, not-yet-synchroniZed ?ags, or 
time-and-date-of-last-modi?cation stamps. It can Work With 
databases of radically different design, by ?rst translating the 
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differently structured databases into a common intermediate 
format, and then using key ?elds to establish correspon 
dence betWeen records. Yet despite those advantages, and 
the fact that the reconciliation technique Was a huge 
improvement over the brute force replacement technique 
that eXisted before it, reconciliation still falls short of real 
synchroniZation. 
[0012] One dif?culty With the existing reconciliation tech 
nique is that unless a trump rule such as “handheld alWays 
prevails over desktop” is employed, the user is interrogated 
every time there is a data mismatch, and that interrogation 
necessarily takes up a lot of time. 

[0013] In addition, the reconciliation technique does not 
handle data deletions Well, because it inherently assumes 
that if an item on one computer is empty and its correspond 
ing item on the other computer is not, the empty item should 
be updated With the non-empty item. This means, e.g., that 
When a user deletes an appointment from a calendar data 
base on one computer, that appointment could be restored 
during reconciliation, defeating the user’s attempt to delete 
it. 

SUMMARY OF THE INVENTION 

[0014] The invention makes possible synchroniZation of 
disparate databases, overcoming the shortcomings of the 
prior reconciliation technique. It does so by providing a 
status ?le Which alloWs the synchroniZation program to 
determine if data records in one or more databases have been 
changed or deleted since the last synchronization, or 
Whether neW data records have been added. 

[0015] Preferably, the status ?le contains the data present 
in the tWo databases after the most recent synchroniZation. 
Corresponding sets of records are chosen from each of the 
tWo databases and from the status ?le, and a comparison is 
made of the information content of the records. Based on 
that comparison, updating decisions are made for each set of 
records, for example, decisions are made Whether to select 
the information content of one database record over the 
information content of the other, and ?nally the selected 
information is Written to the status ?le as Well as the 
databases. 

[0016] The invention makes it possible to synchroniZe 
databases of radically different design, operating on different 
computer platforms. E.g., a calendar database proprietary to 
a particular handheld computer or personal digital assistant 
(PDA) can noW be synchroniZed With a calendar database 
running on a user’s desktop (e.g., Lotus organiZer, or 
Microsoft Schedule+). 

[0017] With the invention, it becomes quite practical for a 
person to use both a PDA and a desktop calendar database 
in a group scheduling environment, i.e., one in Which 
calendar databases are interconnected betWeen users so that 
appointments may be added and deleted automatically. NoW 
if an appointment is added or deleted on one database, for 
eXample, the user’s desktop, the synchroniZation process of 
the invention can recogniZe that such has occurred and 
automatically update the other during a synchroniZation. 

[0018] Synchronization of disparate databases can be per 
formed With much less user interaction than Was necessary 
With the prior reconciliation technique. E.g., by applying a 
rule that neWer database changes prevail over older changes, 
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in connection With a preferred decision matriX, the user can 
alloW synchroniZation to occur With minimal or no interac 
tion. 

[0019] The invention permits databases that Were spe 
cially designed for synchroniZation to be synchroniZed With 
databases that Were not so designed. Embodiments of the 
invention can Work With databases that provide time-and 
date-of-last-modi?cation stamps, not-yet-synchroniZed 
?ags, or unique IDs, but also With databases that provide no 
such stamps, ?ags, or IDs. 

[0020] The invention also provides a backup function for 
information in a database because the status ?le can be used 
to reconstruct a complete, earlier version of the database. 

[0021] The invention may be used to synchroniZe tWo or 
more databases on the same computer or on different com 

puters. 

[0022] Other features and advantages of the invention Will 
be apparent from the folloWing description of preferred 
embodiments, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 illustrates both a handheld and a desktop 
computer, and shoWs, diagrammatically, a database and data 
records for each. 

[0024] FIG. 2 shoWs a handheld database, status ?le, 
desktop database, and temporary Workspace of a preferred 
embodiment of the invention. 

[0025] FIG. 3 is a ?oWchart of the preferred embodiment. 

[0026] FIGS. 4-6 are three sections of a ?oWchart shoWing 
the preferred embodiment in more detail. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] ShoWn in FIG. 1 are tWo computers on Which 
disparate databases reside, a database 7 in a handheld 
computer 1 and a database 11 in a desktop computer 3. 
SynchroniZation depends on knoWledge of: (1) hoW records 
5 in one database 7 correspond to records 9 in the other 11 
and (2) the history of updates in each database. For corre 
spondence, the synchroniZation program relies on the basic 
translation and mapping capabilities of the prior IntelliLink 
reconciliation technique (e.g., as described in US. patent 
application Ser. No. 07/867,167, ?led on Apr. 10, 1992, 
referred to earlier). 

[0028] The synchroniZation program is typically run 
repeatedly over time. E.g., the user may choose to run 
synchroniZation daily, Weekly, or on an irregular as 
needed” basis. 

[0029] When con?icts are detected during synchroniZation 
(i.e., differences in the content of key ?elds), they may be 
resolved automatically or interactively, depending on user 
preference. The user may select among different automatic 
rules, including: 

[0030] 1. AlWays propagate deletions even if that 
means deleting a recently changed item. 

[0031] 2. Let handheld changes override desktop 
changes. 
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[0032] 3. Let desktop changes override handheld 
changes. 

[0033] 4. Keep both versions and no longer attempt 
to reconcile them. 

[0034] 5. Leave the con?ict unresolved. 

[0035] If a con?ict is to be resolved interactively, the user 
is presented With a dialog box that alloWs the user to select 
one of these rules. 

[0036] Since it is possible that a user may enter the same 
neW information into both the handheld and the desktop 
computer, the synchronization program checks for this pos 
sibility in order to avoid duplication of data. The program 
compares all neW desktop records With all neW handheld 
records, and, When matches are found, the matches are 
assumed to correspond to one another. 

[0037] FIG. 2 shoWs the data structure of a preferred 
embodiment. There are three databases: handheld database 
N, desktop database V, and status ?le P. In this embodiment, 
the handheld database has unique IDs that identify its 
records, but the desktop database has no such IDs, and its 
records are identi?ed through the use of key ?elds. The 
handheld records are mapped to desktop records using a key 
?eld or set of key ?elds. For example, in a telephone 
database, the mapping could be done using the LASTNAME 
?eld as the key ?eld. This makes it possible to achieve a 
correspondence betWeen the handheld IDs and the desktop 
key ?elds. For example, a handheld record With an ID of 
“A987” ends up associated With a desktop record identi?ed 
by the key ?eld LASTNAME=“Smith”. 

[0038] The folloWing descriptions assume that all of the 
corresponding records of the handheld database and the 
desktop database have already been mapped using such 
existing methods. The records in the status ?le are identi?ed 
using IDs originating in the handheld database. FIGS. 2-6 
use the folloWing abbreviations: P for status ?le, N for 
handheld computer database, V for desktop computer data 
base, and S for synchroniZation Workspace. 

[0039] The synchroniZation Workspace S is a temporary 
memory Workspace used by the synchroniZation program. 
The Workspace S maintains several pieces of information for 
each record in the database, including a handheld-ID, a CRC 
value, and status indicators providing handheld-status and 
desktop-status. The handheld-ID is a unique ID identifying 
each record in the handheld database. The CRC value 
identi?es a desktop record, and is obtained using a Well 
knoWn algorithm that maps a unique variable-length string 
of data to a nearly unique integer of shorter, ?xed length. 
E.g., if the key ?elds used to identify a desktop record are 
Firstname, Lastname, and Company Name, then the CRC 
value Would be a short, ?xed length integer derived from a 
string such as “John, Smith, Smith Co.” Methods of com 
paring strings of data are Well-knoWn in the art; this embodi 
ment uses a method in Which ?rst the CRC values of strings 
are computed and compared; if the CRC values match, the 
full strings are then compared directly. 

[0040] Handheld-status and desktop-status generally indi 
cate the status of the handheld and desktop data records With 
respect to corresponding records in the status ?le. For 
example, a previously synchroniZed item that has since been 
changed in the handheld computer but is unchanged in the 
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desktop Would have handheld-status set to CHANGED and 
desktop-status set to UNCHANGED. Since handheld 
records are correlated ?rst, before desktop records, the 
meaning of handheld-status is slightly different from the 
meaning of desktop-status. Handheld-status describes hand 
held records relative to status ?le records only. Desktop 
status, on the other hand, describes desktop records relative 
to status ?le records and any neW handheld records. 

[0041] The status ?le P, Which is saved after a synchro 
niZation and used as input to the next synchroniZation, is a 
?le containing one record per pair of synchroniZed handheld 
and desktop records. Each status ?le record (each line in ?le 
P in FIG. 2) is a simple uncon?icted record, i.e., is identi?ed 
by only one set of key ?elds or IDs. Due to prior mapping 
of handheld records to desktop records, the use of only one 
set presents no problem With respect to the other set. In this 
embodiment, status ?le records are identi?ed by handheld 
IDs, but in the case Where there are no IDs in either database, 
the status ?le records could be identi?ed by a key ?eld from 
one database. 

[0042] FIG. 3 shoWs the synchroniZation process. The 
previous status ?le is read (step 200). This gives a list of 
records. The ?rst time that synchroniZation is run, no pre 
vious status ?le exists, in Which case step 200 produces an 
empty list of records. 

[0043] SynchroniZation begins With the program retriev 
ing records from the handheld database and comparing them 
to the records in the status ?le (step 205). For every handheld 
record, the synchroniZation program takes note of the 
record’s status, i.e., Whether a corresponding status ?le 
record exists, and if so, Whether the handheld record has 
been changed. If there are neW handheld records, i.e., 
records in the handheld database that are not in the status ?le 
(e.g., neW telephone number entries in a telephone database, 
or neW appointments in a calendar database), the synchro 
niZation program retains these neW handheld records for use 
in subsequent steps. 

[0044] Next, the synchroniZation program (step 210) 
retrieves records from the desktop database and compares 
them to the records in the status ?le and the neW handheld 
records. For every desktop record, the synchroniZation pro 
gram takes note of the record’s status, i.e., Whether a 
corresponding status ?le record exists, and if so, Whether 
that record has changed in the desktop database. If there are 
neW desktop records, i.e., records in the desktop database 
that are neither in the status ?le nor among the neW handheld 
records, the synchroniZation program takes note of these 
neW desktop records for subsequent steps. 

[0045] After this comparing step, the synchroniZation pro 
gram (step 215) uses a decision matrix to generate a To-Do 
list of actions to be taken With respect to the records in the 
handheld database and the desktop database. The decision 
matrix takes as inputs the status With respect to the status 
?le, i.e., CHANGED, UNCHANGED, NEW, or ABSENT, 
of each record in each record set and outputs a To-Do list 
action item for each record set. For example, if the status of 
a handheld record is UNCHANGED and the status of its 
corresponding desktop record is CHANGED, then the deci 
sion matrix output action item is to update the handheld 
record and the status ?le record to match the desktop record. 

[0046] Finally, the synchroniZation program (step 220) 
goes through the To-Do list and performs updates to the 
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desktop database, handheld database, and status ?le. If any 
of the updates to the desktop and handheld databases are 
unsuccessful, the synchronization program refrains from 
making these updates to the status ?le, so that the synchro 
nization program Will retry the update at the neXt synchro 
nization. 

[0047] FIGS. 4-6 shoW the synchronization process in 
more detail. The information in status ?le P is copied into 
synchronization Workspace S (step 300). Arrays of hand 
held-IDs, CRCs, and status indicators are created and popu 
lated in Workspace S (step 305). All status indicators are 
initialized With handheld-status set to ABSENT and desk 
top-status set to ABSENT. Subsequent processing steps Will 
change these status indicators to other values if the corre 
sponding records still eXist in handheld database N or 
desktop database V or both. 

[0048] Handheld records are loaded, one by one, into 
Workspace S. In this loading process, incoming handheld 
records are correlated With pre-eXisting status ?le records 
using the handheld-ID as the correlation key (step 310). 
When a match of IDs is found, all mapped ?elds of the 
handheld record and status ?le record are compared (step 
315). If all ?elds match eXactly, handheld-status is set to 
UNCHAN GED (step 320), but otherWise handheld-status is 
set to CHANGED (step 330). If handheld-status is set to 
CHANGED, all data from the handheld record is stored in 
Workspace S alongside the data from the corresponding 
status ?le record. No further “con?ict resolution” action is 
taken at this point in the procedure. 

[0049] If there is no status ?le record With the same 
handheld-ID as the incoming handheld record, the incoming 
handheld record is stored in Workspace S (step 325). For this 
incoming handheld record, its handheld-ID is retained, the 
CRC of its key ?elds is computed and stored for later use in 
a possible match to a desktop record, and its status indicators 
are set as folloWs: handheld-status is set to NEW and 
desktop-status is set to ABSENT. 

[0050] Steps 310-335 are repeated for all handheld records 
(step 335). 
[0051] Once the last handheld record is processed, corre 
lation of handheld records With status ?le records is com 
plete. From this point on in this procedure the term handheld 
record refers only to any record in Workspace S for Which 
handheld-status is set to NEW. 

[0052] Desktop records are loaded, one by one, into Work 
space S (FIG. 5). For each desktop record, ?rst an unused 
eXact match is sought. An unused eXact match is a status ?le 
record or neW handheld record Wherein all ?elds match 
those of the desktop record (step 340) and desktop-status is 
set either to ABSENT or CHANGED (step 345). If such a 
match record is found With desktop-status set to ABSENT 
(step 350), desktop-status is simply updated to 
UNCHAN GED (step 360). HoWever, if such a match record 
is found With desktop-status set to CHANGED, this means 
that there is more than one desktop record that maps to the 
match record. It also means that When a previous desktop 
record Was loaded, it Was identi?ed, using key ?eld match 
ing as described beloW, as a partial match for this handheld 
or status ?le record. NoW the partial match is replaced With 
the present desktop record, desktop-status is set to 
UNCHANGED, and then the partial match is run through 
the key ?eld search again (step 385). 

[0053] If no unused eXact match is found, then a key ?eld 
match is sought (step 355). The key ?eld match must also be 
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unused, i.e., the status ?le record or handheld record found 
must also have a desktop-status that is set to ABSENT (step 
365). If such a match is found, desktop-status is set to 
CHANGED and all of the data in the desktop record is 
stored alongside the data of the match (375). No further 
“con?ict resolution” action is taken at this point in time 
because this desktop record could eventually be replaced if 
an eXact match is later found for this handheld or status ?le 
record, as described above in step 385. If no unused key ?eld 
match is found, a neW record is created in Workspace S With 
handheld-status set to ABSENT and desktop-status set to 
NEW (385). 

[0054] Steps 340-385 are repeated for all desktop records 
(step 370). 
[0055] Once all desktop records are exhausted, Workspace 
S is scanned from top-to-bottom and decisions are made, 
using the decision matriX of Table 1, about hoW to resolve 
any con?icts, either interactively or non-interactively (FIG. 
6, step 390). The decisions are not implemented immedi 
ately but rather are held as actions items in a To-Do list. 

TABLE 1 

Decision Matrix 

Handheld- Desktop 
# Status Status To Do 

UNCHANGED UNCHANGED Nothing. 
UNCHANGED CHANGED Update handheld database N and 

Workspace S to match desktop 
database V. 
Delete record from handheld 
database N and Workspace S. 

UNCHANGED Update desktop database V and 
Workspace S to match handheld 
database N. 
If changes are independent, 
update handheld database N, 
Workspace S, and desktop 
database V; otherwise use a 

con?ict resolution (CR) dialog 
With the user or apply an 

automatic rule. 
Resolve CHANGE vs. DELETE 

con?ict, either via CR dialog 
or by applying an automatic 
rule. 

UNCHANGED Delete record from desktop 
database V and Workspace S. 
Resolve CHANGE vs. DELETE 

con?ict, either via CR dialog 
or by applying an automatic 
rule. 
Delete record from Workspace S 
(it has already been deleted 
from handheld database N and 
desktop database V). 
Add record to handheld database 
N and Workspace S. 
Add record to desktop database V 
and Workspace S. 

UNCHANGED Add record to Workspace S 
(synchronizing identical items 
here). 
Resolve con?ict, either via CR 
dialog or by applying an 
automatic rule. (Note that this 
case is semantically different 
from case #5, so different 
automatic rules may apply, but 
the CR dialog may be the same.) 

UNCHANGED ABSENT 

4 CHANGED 

CHANGED CHANGED 

m CHANGED ABSENT 

7 ABSENT 

8 ABSENT CHANGED 

ABSENT ABSENT 

1O ABSENT NEW 

11 NEW ABSENT 

12 NEW 

1 3 NEW CHANGED 
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[0056] All updates in the To-Do list for desktop database 
V are attempted (step 405). If a particular update, i.e., an 
ADD, CHANGE, or DELETE, is successful (step 395), the 
same update is also performed on the corresponding record 
in Workspace S (step 400). 

[0057] Next, all updates in the To-Do list for handheld 
database N are attempted (step 420). If a particular update is 
successful (step 410), the same update is also performed on 
the corresponding record in S (step 415). 

[0058] Finally, all records With both handheld-status and 
desktop-status set to ABSENT are deleted from Workspace 
S (step 425). This reduces Workspace S doWn to a minimum 
siZe so that it contains only the information that must be 
stored as the neW status ?le for the neXt synchronization. 

Other Embodiments 

[0059] Other embodiments of the invention are Within the 
folloWing claims. For eXample, Whereas the embodiment 
described above synchroniZed a database With records iden 
ti?ed by IDs With another With records identi?ed by key 
?elds, the invention also Works With databases in Which both 
databases have only records identi?ed by key ?eld, and With 
databases that provide time-and-date-of-last-modi?cation 
stamps, not-yet-synchroniZed ?ags, or uni?ed or non-uni?ed 
IDs (as Well as With databases that provide no such stamps, 
?ags, or IDs). 

[0060] The invention is also not limited to use With a 
combination of a handheld computer and a desktop com 
puter (although it is particularly advantageous for such an 
environment). The invention may be used to synchroniZe 
data of tWo or more desktop computers, tWo or more 
notebook computers, tWo or more handheld computers, or 
any combination of microcomputers, minicomputers, main 
frame computers, or other computers. The invention may 
also be used to synchroniZe tWo or more databases on the 
same computer. 

[0061] The invention may also be used to synchroniZe 
more than tWo databases. This can be accomplished, for 
eXample, by running the synchroniZation program multiple 
times, each time synchroniZing a neW database to an 
already-synchronized database. For eXample, in order to 
synchroniZe databases A, B, C, and D, the synchroniZation 
program could be run ?rst on A and B, then A and C, then 
A and D; or ?rst on A and B, then B and C, then C and D, 
etc. Separate status ?les Would be maintained for each pair. 

[0062] What is claimed is: 

1. A data processing method for synchroniZing the data 
records of a plurality of disparate databases, the method 
comprising the steps of: 

providing a status ?le containing data records represen 
tative of the contents of data records eXisting in the 
disparate databases at a prior synchroniZation; 

comparing data records from at least a ?rst and a second 
of the plurality of databases to corresponding data 
records of the status ?le to determine Whether data 
records of the plurality of databases have changed or 
been deleted since the prior synchroniZation or Whether 
there are neW data records since the earlier synchroni 

Zation; 
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updating the ?rst and second databases based on the 
outcome of the comparing step; and 

updating the status ?le so that its data records are repre 
sentative of the contents of the data records of the ?rst 
and second databases after they have been updated. 

2. A data processing system for synchroniZing the data 
records of a plurality of disparate databases, the system 
comprising: 

means for providing a status ?le containing data records 
representative of the contents of data records eXisting in 
the disparate databases at a prior synchroniZation; 

means for comparing data records from at least a ?rst and 
a second of the plurality of databases to corresponding 
data records of the status ?le to determine Whether data 
records of the plurality of databases have changed or 
been deleted since the prior synchroniZation or Whether 
there are neW records since the prior synchroniZation; 

means for updating the ?rst and second databases based 
on the outcome of the comparing step; and 

means for updating the status ?le so that its data records 
are representative of the contents of the data records of 
the ?rst and second databases after they have been 
updated. 

3. The subject matter of claim 1 or 2 Wherein the deciding 
step further comprises deciding Whether to delete a data 
record from the ?rst database based on the comparing step 
having determined that the corresponding record of the 
second database has been deleted since the earlier synchro 
niZation. 

4. The subject matter of claim 3 Wherein the comparing 
step comprises three steps: 

a ?rst comparing step comprising comparing data records 
from the ?rst database to corresponding data records of 
the status ?le to determine Whether any of the data 
records of the plurality of databases have changed or 
been deleted since the prior synchroniZation or Whether 
there are neW data records since the earlier synchroni 
Zation; 

storing neW status ?le data records representative of neW 
data records found in the ?rst comparing step; and 

a second comparing step comprising comparing data 
records from the second database to corresponding data 
records of the status ?le and to the neW status ?le data 
records. 

5. The subject matter of claim 4 Wherein status indicators 
for each of the ?rst and second databases are produced on 
the basis of the outcome of the ?rst and second comparing 
steps. 

6. The subject matter of claim 3 Wherein the status 
indicators comprise indicators indicative of the folloWing 
outcomes of the comparisons performed in the comparing 
step: (1) the database record is unchanged relative to the 
corresponding status ?le data record; (2) the database record 
is changed relative to the corresponding status ?le data 
record; (3) the database record is absent from the status ?le 
data records; (4) the database record is neW, meaning it is not 
among the status ?le data records. 

7. The subject matter of claim 5 Wherein the status 
indicators comprise indicators indicative of the folloWing 
outcomes of the comparisons performed in the ?rst and 
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second comparing steps: (1) the database record is 
unchanged relative to the corresponding status ?le data 
record; (2) the database record is changed relative to the 
corresponding status ?le data record; (3) the database record 
is absent from the status ?le data records; (4) the database 
record is new, meaning it is not among the status ?le data 
records. 

8. The subject matter of claim 3 Wherein the status ?le has 
a single set of data records, one corresponding to each data 
record of the ?rst and second databases at the prior syn 
chroniZation. 

9. The subject matter of claim 7 Wherein the status ?le has 
a single set of data records, one corresponding to each data 
record of the ?rst and second databases at the prior syn 
chroniZation. 

10. The subject matter of claim 3 Wherein at least the data 
records of the ?rst database are each identi?ed by unique 
identi?cation codes. 

11. The subject matter of claim 9 Wherein the data records 
of the ?rst and the second databases are Without unique 
identi?cation codes. 

12. The subject matter of claim 10 Wherein data records 
of the status ?le are identi?ed by the unique identi?cation 
code of the ?rst database. 

13. The subject matter of claim 11 Wherein data records 
of the status ?le are identi?ed by at least one key ?eld of the 
?rst database. 

14. The subject matter of claim 11 Wherein the correspon 
dence betWeen data records of the ?rst and second databases 
is achieved by comparing key ?elds of the databases. 
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15. The subject matter of claim 11 Wherein the correspon 
dence betWeen data records of the ?rst and second databases 
is achieved by comparing key ?elds of the databases. 

16. The subject matter of claim 4 Wherein the second 
cornparing step further comprises storing further neW status 
?le data records representative of neW data records found in 
the second cornparing step. 

17. The subject matter of claim 16 Wherein a set of 
Workspace data records are used during synchroniZation, the 
Workspace data records each having an identi?er corre 
sponding the identi?er of the data records in the status ?le, 
an status indicator for each of the ?rst and second databases. 

18. The subject matter of claim 17 Wherein the neW status 
?le data records are stored ?rst as Workspace data records. 

19. The subject matter of claim 18 Wherein following 
completion of the ?rst and second cornparing steps, the 
Workspace data records are processed by comparing each 
pair of stored status indicators to a decision matrix to 
determine an action to be taken in updating the ?rst and 
second databases. 

20. The subject matter of claim 16 Wherein the second 
cornparing step further comprises eXarnining for unused 
exact matches in the data records of the second database. 

21. The subject matter of claim 16 Wherein the second 
cornparing step further comprises eXarnining for key ?eld 
matches in the data records of the second database. 


